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CHAPTER'I:''GENERAL'INTRODUCTION''
'
Global!climate!change!associated!with!increasing!CO2!levels!(IPCC!2013)!is!
expected!to!produce!the!largest!increase!in!nearesurface!temperature!in!the!western!
United!States!along!major!mountain!ranges!(Giorgi!et!al.!1994;!Leung!and!Ghan!1999;!
Kim!et!al.!2002).!!For!the!Rocky!Mountain!range!in!particular,!climate!models!predict!
that!warmer!nearesurface!temperature!will!cause!decreased!precipitation,!a!significant!
reduction!in!snowpack,!and!earlier!timing!of!spring!snowpack!melting!(Kim!et!al.!2002;!
Zimmerman!et!al.!2006).!!Climate!change!scenarios!predict!that!high!latitudes!and!high!
elevations!will!face!larger,!more!rapid!changes!and!are!likely!to!have!the!greatest!rate!of!
species!loss!compared!to!other!ecosystems!(Kim!et!al.!2002;!Thuiller!et!al.!2005).!!!!
Montane!meadows!of!the!Rocky!Mountains!are!dependent!on!climateerelated!
processes,!including!temperature!and!moisture!gradients!(Harte!and!Shaw!1995;!
Debinski!et!al.!2006),!making!them!critically!sensitive!to!climate!change!and!at!risk!for!a!
substantial!amount!of!species!loss.!!Earlier!spring!temperature!warming!and!associated!
spring!snowmelt!timing!are!affecting!important!montane!flowering!plant!phenology!
processes!resulting!in!earlier!vegetation!emergence!and!earlier!reproductive!life!stages!
(Parmesan!2007;!Both!et!al.!2009;!Aldridge!et!al.!2011).!!These!climateerelated!
vegetation!shifts!and!habitat!changes!could!have!critical!implications!for!planteinsect!
interactions!by!creating!herbivorous!insect!and!host!plant!phenological!mismatches!as!
observed!in!the!Bay!Checkerspot!butterfly!(Euphydryas1editha1bayensis)!(Parmesan!
2007;!Singer!and!Parmesan!2010)!and!mistiming!in!plantepollinator!mutualism!
relationships!(Thomson!2010).!!
Butterflies!are!considered!to!be!good!indicator!species!for!climate!change!and!
they!are!already!shown!to!be!tracking!environmental!changes!associated!with!climate!
change!(Diamond!et!al.!2011).!!Butterflies!have!begun!to!shift!their!distributions!upward!
in!elevation!(Parmesan!et!al.!1999;!Forister!et!al.!2010)!and!the!date!of!first!appearance!
is!advancing!for!a!wide!variety!of!butterfly!species!(Roy!and!Sparks!2000;!Forister!and!
Shapiro!2003;!Kharouba!et!al.!2014).!!There!has!been!a!significant!mean!advancement!in!
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the!timing!of!spring!events!by!2.3!days/decade!(Parmesan!and!Yohe!2003)!to!5.1!
days/decade!(Root!et!al.!2003)!and!the!advancement!of!butterfly!emergence!is!
occurring!three!times!faster!than!forb!emergence!(Parmesan!2007).!!!
A!welleunderstood!study!organism!can!be!a!valuable!indicator!to!analyze!
environmental!changes!associated!with!climate!change.!!Parnassius!butterflies!
(Lepidoptera:!Papilionidae,!subfamily!Parnassiinae)!have!been!selected!as!the!focus!for!
several!longeterm!studies!across!the!world!including!Pieniny!National!Park!in!southern!
Poland!(Kędziorski!et!al.!1997;!Nakonieczny!et!al.!2007),!the!Sierra!de!Guaderrama!
mountain!range!in!central!Spain!(Sánchez!Rodríguez!and!Baz!1996;!Baz!2002;!Gutiérrez!
et!al.!2013),!StoreTervolandet!island!of!southwest!Finland!(Brommer!and!Fred!1999;!
Brommer!and!Fred!2007),!Jumpingpound!Ridge!in!Alberta,!Canada!(Roland!et!al.!2000;!
Roland!and!Matter!2013),!and!the!Greater!Yellowstone!Ecosystem!in!the!western!United!
States!(Auckland!et!al.!2004;!Debinski!et!al.!2006).!!The!Parnassius!species!(Parnassius1
clodius1and!Parnassius1smintheus)!of!Grand!Teton!National!Park,!Wyoming!within!the!
Greater!Yellowstone!Ecosystem!were!selected!as!the!study!organisms!for!my!research!
for!multiple!reasons:!
1) The!pristine,!largeescale!protected!ecosystem!of!Grand!Teton!National!
Park!is!the!ideal!location!to!study!climate!change!and!butterflies.!!These!
butterfly!populations!exist!in!high!elevation!meadows,!which!are!
predicted!to!experience!changes!on!a!more!rapid!timescale!and!have!the!
greatest!species!loss!in!association!with!climate!change.!
2) Nonemigratory!butterfly!species!that!are!endemic!to!montane!meadows!
are!restricted!to!certain!habitats!and!are!closely!linked!with!their!host!
plant!and!nectar!sources,!making!them!particularly!sensitive!to!habitat!
changes!associated!with!climate!change.!
3) Intensive!research!has!been!conducted!by!the!Debinski!lab!in!the!Greater!
Yellowstone!Ecosystem!over!the!past!two!decades,!which!provides!
essential!vegetation!and!butterfly!distribution!background!data!for!this!
study.!
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Although!much!data!have!been!collected!in!this!ecosystem,!Parnassius!
butterflies!are!somewhat!elusive!in!the!western!United!States!and!valuable!information!
is!still!unknown!for!the!context!of!a!climate!change!study.!!In!this!study,!I!examine!the!
habitat!preferences!of!Parnassius1clodius1and!Parnassius1smintheus!and!determine!
where!Parnassius!populations!exist!in!Grand!Teton!National!Park!and!the!surrounding!
territory!of!BridgereTeton!National!Forest.!!This!research!further!expands!our!knowledge!
on!Parnassius!butterflies!and!will!provide!important!information!for!evaluating!the!
effects!of!climate!change!on!montane!meadow!butterflies.!
!!
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CHAPTER'2:''OCCUPANCY'MODELING'OF'PARNASSIUS'BUTTERFLY'
POPULATIONS'IN'GRAND'TETON'NATIONAL'PARK,'WYOMING''
'
A!paper!to!be!submitted!to!Journal1of1Insect1Conservation1
!
Kimberly!E.!Szcodronski!and!Diane!M.!Debinski!
Department1of1Ecology,1Evolution,1and1Organismal1Biology,1Iowa1State1University,11
Ames,1IA1
!
Abstract'
! ! Identifying!specific!vegetation!characteristics!that!influence!the!presence!of!
butterfly!species!is!essential!for!determining!how!habitat!and!phenology!changes!may!
affect!these!populations!in!the!future.!!Two!montane!meadow!butterfly!species,!
Parnassius1clodius!and!Parnassius1smintheus,!were!investigated!to!identify!patterns!of!
occupancy!relating!to!habitat!variables!in!montane!meadows!of!Grand!Teton!National!
Park!and!BridgereTeton!National!Forest,!Wyoming,!United!States.!!A!series!of!presencee
absence!surveys!were!conducted!in!41!mesic!to!xeric!meadow!sites!during!the!
Parnassius!flight!season!(June!–!July!2013)!to!estimate!occupancy!(ψ)!and!detection!
probabilities!(p)!of!both!species.!!According!to!the!null!constant!parameter!model,!
detection!probabilities!were!consistently!high!at!p!=!0.75!for!P.1clodius!and!P.1smintheus.!!
Occupancy!varied!considerably,!with!P.1clodius!at!ψ!=!0.78,!and!P.1smintheus!at!a!far!
lower!occupancy!of!ψ!=!0.10.!!P.1clodius,!the!more!common!Parnassius!in!the!ecosystem,!
occurred!in!11!mediumesized!populations!(x!=!25!butterflies!observed/survey)!
distributed!across!~!125,250!ha.!!The!remaining!21!populations!were!categorized!as!
small!(x!=!3!butterflies!observed/survey)!and!may!be!dependent!on!the!larger!
populations!for!longeterm!viability.!!Big!sagebrush1(Artemisia1tridentata)!was!the!most!
important!habitat!indicator!for!both!P.1clodius!and!P.1smintheus.!!The!occupancy!of!P.1
clodius!had!a!strong!negative!correlation!with!the!presence!of!A.1tridentata,!whereas!
the!occupancy!of1P.1smintheus!had!a!positive!correlation!with!A.1tridentata.11Additional!
research!to!estimate!colonization!and!extinction!rates!would!be!valuable!in!
understanding!the!longeterm!viability!of!these!populations.!!
!
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Introduction'
Nonemigratory!butterfly!species!that!are!endemic!to!montane!meadows!are!
particularly!susceptible!to!the!effects!of!habitat!loss!and!climate!change!because!they!
are!1)!constrained!to!potentially!shrinking!habitats!(Roland!and!Matter!2007),!2)!
dependent!upon!specialized!planteinsect!interactions!that!are!at!risk!of!phenological!
mismatching!(Parmesan!2007;!Singer!and!Parmesan!2010),!and!3)!vulnerable!to!genetic!
isolation!due!to!their!small,!isolated!populations!(Dirnböck!et!al.!2011).!!Due!to!the!
combined!and!potentially!synergistic!threats!of!habitat!loss!and!climate!change!
threatening!butterflies!worldwide!(Warren!et!al.!2001;!Forister!et!al.!2010;!Diamond!et!
al.!2011),!it!is!essential!to!more!specifically!identify!habitat!requirements!of!these!
sensitive!montane!meadow!butterfly!species,!so!that!we!can!further!understand!how!
habitat!and!phenology!changes!may!affect!butterfly!populations.!!This!will!allow!us!to!
most!effectively!conserve!and!manage!viable!populations!into!the!future.!
Our!study!focused!on!two!Parnassius!butterfly!species,!the!Clodius!Parnassian!
(Parnassius1clodius)!and!Rocky!Mountain!Parnassian!(Parnassius1smintheus)1
(Lepidoptera:!Papilionidae,!subfamily!Parnassiinae)1within!Grand!Teton!National!Park!
and!the!surrounding!BridgereTeton!National!Forest!in!the!Rocky!Mountains!of!Wyoming,!
United!States!(hereafter!referred!to!as!the!Teton!region).!!These!species!are!rangee
restricted!high!elevation!montane!meadow!butterfly!species!for!which!climate!change!
may!cause!increasing!conservation!concerns.!!P.1clodius!and!P.1smintheus!are!native!to!
the!northwestern!United!States!and!western!Canada,!occurring!along!the!northern!
Rocky!Mountain!Range!(see!Scott!1986!for!detailed!range!maps).!!Although!P.1clodius!
and!P.1smintheus!are!not!currently!threatened,!they!face!similar!issues!to!the!related!
European!Apollo!butterfly!(Parnassius1apollo),!which!has!been!declining!since!the!turn!of!
the!century!due!to!longeterm!climatic!changes,!habitat!succession,!anthropogenic!
factors,!genetic!erosion,!and!behavioral!changes!in!small!demes!(Nakonieczny!et!al.!
2007).!!P.1apollo,!one!of!Europe’s!most!renowned!montane!butterflies,!is!categorized!by!
the!International!Union!for!the!Conservation!of!Nature!(IUCN)!as!vulnerable!and!is!
considered!a!high!priority!for!conservation!(Todisco!et!al.!2010).!!Parnassius,!known!as!
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the!“invertebrate!epitome!of!conservation”!for!mountain!habitats!in!Europe,!are!
considered!a!valuable!study!organism!and!can!serve!as!a!flagship!species!for!montane!
environments!(Todisco!et!al.!2010).!
Prior!to!this!research,!there!was!limited!information!on!the!distribution!and!
abundance!of!Parnassius!populations!in!the!Teton!region!outside!of!one!wellestudied!
population!of!P.1clodius!along!Pilgrim!Creek!road!(1500!x!300!m!in!size)!within!Grand!
Teton!National!Park.!!Markerecapture!studies!were!conducted!on!the!Pilgrim!Creek!
population,!one!of!the!largest!populations!of!P.1clodius!in!the!Teton!region,!to!assess!
population!parameters!including!sex!ratio,!population!size,!percentage!of!mated!
females,!and!emergence!dates!for!males!and!females!(Auckland!et!al.!2004).!!Population!
fluctuations!documented!by!these!markerecapture!studies!from!1998!–!2000!(Auckland!
et!al.!2004)!and!2009!–!2012!(Sherwood!and!Debinski,!unpublished!data)!indicated!the!
need!for!a!better!understanding!of!the!ecosystemewide!distribution!patterns!of!
Parnassius!species.!
We!suspected!that!the!Pilgrim!Creek!population!was!an!important!component!of!
a!metapopulation!in!this!area,!but!the!metapopulation!dynamics!of!Parnassius!
populations!have!not!been!previously!investigated!in!the!Teton!region.!!Butterflies!are!
considered!a!classic!taxonomic!group!for!metapopulation!studies!(Hanski!and!Gilpin!
1997;!Harrison!et!al.!1988;!Hanski!et!al.!2000)!and!the!metapopulation!of!P.1smintheus!
has!been!studied!extensively!in!Canada!(Matter!and!Roland!2004;!Matter!and!Roland!
2010).!!A!metapopulation!perspective!in!the!Teton!region!could!provide!important!
insight!relative!to!longeterm!population!persistence!for!these!butterfly!species.!!For!
these!reasons,!we!conducted!a!series!of!butterfly!presenceeabsence!surveys!and!
vegetation!surveys!in!potentially!suitable!habitat!for!P.1clodius!and!P.1smintheus!in!
Grand!Teton!National!Park!and!BridgereTeton!National!Forest!to!document!site!
occupancy!patterns!and!to!assess1how!particular!components!of!habitat!influenced!
patterns!of!occupancy.!!!
There!were!three!objectives!of!this!study:!!1)!Occupancy!estimates!and!detection!
probabilities!of!P.1clodius!and!P.1smintheus!were!assessed!to!determine!where!current!
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populations!exist!in!the!Teton!region.!!2)!Potentially!suitable!Parnassius!habitats!were!
analyzed!by!collecting!vegetation!data!to!document!the!fineescale!differences!in!habitat!
requirements!between!the!two!species.!!3)!Parnassius!populations!were!examined!to!
characterize!their!population!structure!and!to!evaluate!the!potential!implications!of!this!
structure!relative!to!longeterm!population!viability.!
Although!P.1clodius!and!P.1smintheus!exist!in!similar!montane!meadow!habitats,!
we!suspected!that!the!two!species!have!specific!habitat!requirements!that!result!in!
subtle!differences!in!where!they!are!located.!!We!hypothesized!that:!
1. The!occupancy!of!P.1clodius1would!be!positively!correlated!with!the!
abundance!of!low!sagebrush!(Artemisia1arbuscula)!and!their!preferred!nectar!
source,!sulphur!flower!buckwheat!(Eriogonum1umbellatum).!
2. The!occupancy!of!P.1smintheus1would!be!positively!correlated!with!the!
abundance!of!big!sagebrush!(Artemisia1tridentata)!and!their!host!plant,!
Sedum!species.!
'
Methods'
Species1Descriptions1
P.1clodius1and1P.1smintheus1are!mediumesized!white!butterflies!that!inhabitant!
montane!meadows.11Both1Parnassius!species!are!univoltine!butterflies!that!overwinter!
as!eggs,!pupate!in!the!soil!during!the!spring,!and!have!an!adult!flight!season!mid!June!–!
mid!July!(Scott!1986).!!The!timing!of!larval!emergence!is!linked!to!spring!snowmelt,!
making!them!susceptive!to!earlier!spring!snowpack!melting!in!montane!systems!that!is!
predicted!by!climate!change!models!(Kim!et!al.!2002;!Zimmerman!et!al.!2006).!!P.1clodius’!
host!plant!is!longhorn!steershead!(Dicentra1uniflora)!and!P.1smintheus’!host!plant!is!
lanceeleaved!stonecrop!(Sedum1lanceolatum)!and!ledge!stonecrop!(Sedum1integrifolium).11
D.1uniflora!is!a!spring!ephemeral!perennial!wildflower.!It!briefly!emerges!in!early!spring!
after!snowmelt!and!disappears!by!the!time!the!butterflies!are!in!flight.!!Parnassius!
prefer!nectaring!on!yellow!and!white!flowers1(Scott!1986;1Matter!and!Roland!2002)!and!
their!primary!nectar!sources!in!the!Teton!region!are1sulphur!flower!buckwheat!
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(Eriogonum1umbellatum),!arroweleaved!balsamroot!(Balsamorhiza1sagittata),!and!
Senecio!species!(Auckland!et!al.!2004).!!Preliminary!data!collected!during!the!2012!field!
season!indicate!that!several!additional!nectar!sources!are!being!used!by!P.1clodius,!
including!sticky!geranium!(Geranium1viscosissimum),!snowbrush!ceanothus!(Ceanothus1
velutinus),!nettleeleaved!giantehyssop!(Agastache1urticifolia)1and!yellow!and!purple!
flowering!species!within!the!Asteraceae!family!(Szcodronski!personal!obs.)!
!
Study1Area1
This!study!was!conducted!in!41!sagebrush!meadows!in!Grand!Teton!National!
Park!and!the!surrounding!territory!of!BridgereTeton!National!Forest!(Appendix!A,!Table!
A.1).!!Meadow!sites!ranged!in!size!from!0.5!ha!to!1300!ha!and!elevations!from!2000!m!
to!2500!m!(Appendix!A,!Table!A.1).!!The!Teton!region!contains!a!unique!heterogeneous!
distribution!of!habitat!types!along!elevation!and!hydrological!gradients!that!include!
conifer!and!aspen!forest!(Populus!spp.),!willow!shrubland!(Salix!spp.),!sagebrush!flats!
(Artemisia1spp.),!and!montane!meadows.!!Landsat!satellite!multispectral!imagery!data!
were!used!to!classify!six!montane!meadow!types!within!the!Greater!Yellowstone!
Ecosystem,!ranging!from!hydric!willow!and!sedge!(Carex1spp.)!meadows!to!mesic!
meadows!with!high!forb!cover!to!xeric!sagebrush!meadows!(Jakubauskas!et!al.!1996;!
Debinski!et!al.!1999).!!From!1997!to!2007,!we!collected!data!on!plant!and!butterfly!
distributions!across!this!gradient!within!55!montane!meadows,!including!25!meadows!in!
the!Teton!region!(Debinski!et!al.!2006;!Debinski!et!al.!2010;!Debinski!et!al.!2013).!!
Butterfly!abundance!counts!from!these!surveys!showed!that!Parnassius!butterflies!were!
most!often!found!in!mesic!and!xeric!meadows.!Furthermore,!Auckland!et!al.!(2004)!
determined!that!P.1clodius!is!found!at!the!highest!densities!in!the!Teton!region!in!dry,!
cobbly,!sagebrush!meadows!where!its!host!plant,!D.1uniflora,!is!abundant.!!Based!on!
these!butterflies’!known!habitat!preferences,!meadow!sites!were!restricted!to!meadows!
with!montane!mesic!herbaceous!vegetation!and!montane!xeric!herbaceous!vegetation!
with!sagebrush!cover!(A.1tridentata!and!A.1arbuscula).!!Prior!to!fieldwork,!GIS!vegetation!
data!layers!provided!by!the!2002!–!2005!Grand!Teton!National!Park!Vegetation!Mapping!
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Project!(Cogan!et!al.!2005)!were!used!in!ArcGIS!10.1!to!locate!potentially!suitable!
Parnassius!habitat!in!the!Teton!region.!!Using!these!habitat!criteria,!41!study!sites!were!
selected!as!potential!Parnassius!habitat.!!!
!
Vegetation1Surveys1
In!the!summer!of!2013,!vegetation!was!surveyed!at!each!meadow!site!once!per!
season!during!the!butterflies’!flight!season.!Because!study!sites!covered!an!elevation!
gradient,!the!timing!of!vegetation!surveys!varied!between!mid!June!–!late!July!
depending!on!the!elevation.!!Study!sites!varied!considerably!in!size.!!Therefore,!
meadows!were!classified!into!three!size!classes!and!the!number!of!transects!for!data!
collection!was!proportional!to!meadow!size!(<!10!ha!=!1!transect,!10e100!ha!=!2!
transects,!>!100!ha!=!3!transects).!!Vegetation!data!were!collected!using!frequency!of!
occurrence!sampling!methods!(Bonham!1989).!!We!recorded!the!presence!or!absence!of!
plant!species!along!a!100!m!transect!in!1!x!½!m!quadrats!placed!every!5!m!(n!=!20!
quadrats!per!transect).!!Frequency!of!occurrence!was!calculated!as!the!total!number!of!
times!a!plant!occurred!in!a!transect!over!the!total!number!of!quadrats!surveyed.!!If!
multiple!transects!were!collected!in!a!meadow,!frequency!of!occurrence!were!averaged!
across!transects!for!these!analyses.!!Frequency!of!occurrence!data!were!recorded!for!
over!50!plant!species.!!Prior!to!analyses,!these!data!were!combined!into!15!vegetation!
categories!based!on!Parnassius!habitat!preferences!and!frequency!of!occurrence!of!the!
plant!species!(Appendix!B,!Table!B.5).!!Vegetation!categories!were!combined!into!
general!groups!if!they!occurred!in!less!than!10%!of!the!meadow!sites!or!had!an!overall!
average!frequency!of!occurrence!less!than!0.001.!!In!addition!to!the!subset!of!vegetation!
data!used!for!the!occupancy!analyses!provided!in!this!paper,!detailed!vegetation!
analyses!were!conducted!to!further!analyze!study!sites!using!vegetation!data!collected!
in!2013!and!from!preliminary!vegetation!data!collected!in!2012!(Appendix!B).!
!
!
!
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Butterfly1Surveys1
A!series!of!presenceeabsence!butterfly!surveys!were!conducted!for!P.1clodius!and!
P.1smintheus!in!41!meadow!sites!during!the!summer!of!2013!for!occupancy!modeling!
analysis.!!Presenceeabsence!surveys!have!been!shown!to!be!an!efficient,!effective!
technique!for!monitoring!populations!(MacKenzie!et!al.!2003),!particularly!if!the!
sampling!time!is!limited!to!less!than!16!surveys/year,!costly,!or!impractical!to!obtain!
(Joseph!et!al.!2006).!!To!account!for!imperfect!detection,!presenceeabsence!surveys!
were!conducted!twice!at!each!study!site!throughout!the!butterflies’!flight!season!
(MacKenzie!et!al.!2002;!MacKenzie!et!al.!2005)!with!two!independent!observers!
(MacKenzie!et!al.!2006)!for!a!total!of!four!surveys!per!site!collected!per!season.!!Each!
survey!by!an!observer!was!independent!of!the!other!survey!and!was!considered!to!be!a!
detection!occasion.!!The!detection!pattern!obtained!across!multiple!visits!in!a!relatively!
short!time!was!used!to!estimate!detection!probability,!which!is!used!to!correct!for!false!
absences!(MacKenzie!et!al.!2002;!MacKenzie!et!al.!2005;!MacKenzie!et!al.!2006).!!For!all!
study!sites,!the!two!presenceeabsence!surveys!were!conducted!within!one!week!of!each!
other!to!better!ensure!that!the!timing!of!the!butterfly!flight!season!was!similar!for!both!
surveys.!!Each!observer!searched!for!P.1clodius!and!P.1smintheus!for!30!minutes!per!
survey;!the!site!was!considered!occupied!if!at!least!one!butterfly!of!the!species!was!
verified!to!be!present!in!the!meadow!in!at!least!one!out!of!the!four!surveys.!!Parnassius!
butterflies!were!caught!with!an!aerial!insect!net!during!surveys!to!verify!which!
Parnassius!species!was!sighted!and!were!then!released!unharmed.!!For!sites!with!one!
vegetation!transect!(<!10!ha!in!size),!the!whole!meadow!was!surveyed;!for!sites!with!
multiple!vegetation!transects!(>!10!ha!in!size),!presenceeabsence!butterfly!surveys!were!
conducted!by!searching!an!estimated!500!m!in!all!directions!from!the!transect.!!!
The!date!of!emergence!of!Parnassius!butterflies!varies!depending!on!the!year,!
therefore!it!is!important!to!verify!that!Parnassius!butterflies!have!emerged!before!
surveys!begin.!!The!P.1clodius!Pilgrim!Creek!population,!which!is!considered!to!be!the!
largest!Parnassius!population!in!the!Teton!region!and!is!among!the!lower!elevation!sites,!
was!heavily!monitored!near!the!predicted!Parnassius!adult!flight!season!to!document!
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butterfly!emergence.!!Because!there!is!an!elevation!gradient!across!study!sites,!butterfly!
surveys!varied!between!mid!June!–!late!July!depending!on!the!elevation.!!Based!on!
delayed!vegetation!phenology!and!later!butterfly!emergence!among!higher!elevation!
sites,!we!suspected!that!Parnassius!species!would!emerge!at!the!lower!elevation!sites!1!
–!2!weeks!earlier!than!higher!elevation!sites.!!For!that!reason,!we!conducted!surveys!at!
lower!elevation!sites!first!and!moved!to!higher!elevation!sites!as!the!season!progressed.!!
Butterfly!surveys!were!only!performed!during!optimal!butterfly!flight!conditions!(mid!
June!to!late!July!between!10:00!and!17:00!hours!when!the!temperature!was!above!21°C,!
sun!was!not!obscured!by!clouds,!and!wind!speed!was!<!16!km/h)!(Auckland!et!al.!2004).!
1
Occupancy1Modeling1Analyses!
Program!PRESENCE!v6.4!(Hines!2006)!was!used!to!analyze!occupancy!patterns!
for!each!of!the!two!butterfly!species!by!estimating!detection!probabilities!(p)!and!the!
probability!of!a!site!being!occupied!(occupancy)!(ψ).!!Singleespecies,!singleeseason!
models!(MacKenzie!et!al.!2002)!were!used!for!all!analyses.!!To!examine!sampling!and!
site!covariate!effects!on!detection!probability!and!occupancy,!a1priori!models!were!
developed!and!evaluated!using!an!informationetheoretic!approach!(Burnham!and!
Anderson!2002).!!A!twoestage!approach!was!then!used!to!analyze!occupancy!patterns.!!
First,!models!were!compared!by!evaluating!the!effects!of!sampling!and!site!covariates!
on!detection!probability!while!holding!occupancy!constant!(MacKenzie!et!al.!2002;!
MacKenzie!et!al.!2006).!!Six!models!were!chosen!to!evaluate!effects!on!detection!
probability:!meadow!size![ψ(.),!p(size)],!elevation![ψ(.),!p(elevation)],!observer![ψ(.),!
p(observer)],!survey![ψ(.),!p(survey)],!fully!timeevarying!model!where!there!are!different!
detection!probabilities!for!each!detection!occasion![ψ(.),!p(t)],!and!null!constant!
parameter!model!where!p!and!ψ!are!held!constant!as!a!comparison![ψ(.),!p(.)].!!Meadow!
size!and!elevation!failed!to!converge!and!were!therefore!excluded!from!the!analysis.!!
Weather!conditions!were!carefully!controlled!for!during!butterfly!surveys!and!hence!
were!uniform!across!all!surveys;!therefore!factors!of!wind!speed,!temperature,!and!time!
of!day!were!excluded!from!the!model!comparison.!!Akaike’s!Information!Criterion!with!
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small!sample!bias!correction!(AICc)!and!Akaike’s!weight!(wi)!were!used!to!rank!the!
detection!probability!models!and!the!best!model!was!selected!based!on!these!criteria!
(Burnham!and!Anderson!2002).!!The!probability!of!occupancy!given!that!the!species!is!
not!detected!at!a!site!was!calculated!by!(see!MacKenzie!et!al.!2006!for!the!mathematical!
equation):!
Probability!(species!present!and!not!detected)!
Probability!(species!not!detected)!
!
!! Next,!20!additive!covariate!models!were!created!to!evaluate!the!influence!of!
seven!site!covariates!on!occupancy!probability.!!The!seven!site!covariates!selected!from!
the!2013!vegetation!dataset!include!the!frequency!of!the!major!habitat!variables!(A.1
tridentata,1A.1arbuscula,1and1Lupinus1species),1important!nectaring!sources!(E.1
umbellatum!and!B.1sagittata),!P.1smintheus’!host!plant!Sedum!species,!and!all!nectar!
sources!utilized!less!frequently!by!Parnassius!were!combined!and!represented!as!one!
variable!labeled!secondary!nectar!sources![Senecio!species,!Potentilla!species,!sticky!
geranium1(Geranium1viscosissimum),!nettleeleaved!giantehyssop!(Agastache1urticifolia),!
purple!and!yellow!flowering!species!within!the!Asteraceae!family,!spreading!dogbane1
(Apocynum1androsaemifolium),!buckbrush!ceanothus!(Ceanothus1velutinus),!common!
snowberry!(Symphoricarpos1albus),!and!bircheleaved!spiraea!(Spiraea1betulifolia)].!!For!
the!seven!site!covariates,!Pearson’s!productemoment!correlation!coefficients!(r)!were!
calculated!in!R!version!2.15.2!(R!Development!Core!Team!2012)!using!the!“cor()”!
function!and!the!“cor.test()”!function!was!used!to!test!for!significance!of!the!
correlations!(P!<!0.05).!
MacKenzie’s!method!uses!the!estimated!detection!probability!value!to!correct!
for!false!absences!and!estimates!occupancy!as!a!function!of!detection!probability!in!
order!to!better!predict!occupancy!(MacKenzie!et!al.!2002;!MacKenzie!et!al.!2005;!
MacKenzie!et!al.!2006).!!Thus,!for!each!occupancy!model,!the!bestesupported!detection!
model!was!used!to!account!for!detection!probability!in!all!of!the!occupancy!models.!!The!
topesupported!occupancy!models!(ΔAICc!≤!2)!(Burnham!and!Anderson!2002)!with!
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vegetation!variables!as!covariates!allow!us!to!better!understand!factors!influencing!
habitat!suitability!of!P.1clodius!and!P.1smintheus.!
!
Results'
P.1clodius!was!present!at!32!out!of!the!41!sites!surveyed!(78%)!and!P.1smintheus!
was!located!at!4!out!of!the!41!sites!surveyed!(10%)!(Figure!1;!Figure!2;!Appendix!A,!
Table!A.1).!!There!was!one!site!where!both!Parnassius!species!were!present.!!Six!out!of!
the!41!sites!were!occupied!by!neither!species.!!Of!the!sites!surveyed,!P.1clodius!was!
found!across!elevations!ranging!from!2,006!to!2,503!m,!and!P.1smintheus!occurred!at!
elevations!of!2,043!to!2,099!m.!!We!observed!11!mediumesized!populations!(x!=!25!
butterflies!observed/survey),!and!21!smallesized!populations!(x!=!3!butterflies!
observed/survey)!of!P.1clodius1(Figure!3;!Appendix!A,!Table!A.2).!
The!toperanked!detection!probability!model!for!both!P.1clodius!(Table!1)!and!P.1
smintheus!(Table!2)!was!the!null!constant!parameter!model;!therefore!the!null!constant!
parameter!model!was!used!when!modeling!occupancy.!!Based!on!the!null!constant!
parameter!model,!detection!probabilities!were!consistently!high!across!both!butterfly!
species,!with!P.1clodius!at!p!=!0.75!(SE!=!0.04)!and!P.1smintheus!at!p!=!0.75!(SE!=!0.11)!
(Table!3).!!!Occupancy!varied!considerably!across!the!species,!with!the!more!common!
Parnassius!butterfly!in!the!ecosystem,!P.1clodius,!having!the!highest!occupancy!at!ψ!=!
0.78!(SE!=!0.07)!(Table!3).!!P.1smintheus,!the!more!rare!Parnassius!in!the!ecosystem,!had!
an!occupancy!of!ψ1=!0.10!(SE!=!0.05)!(Table!3).!!The!probability!of!occupancy!given!that!
the!species!is!not!detected!at!a!site!for!P.1clodius!was!0.01366!and!for!P.1smintheus!was!
0.00043.!!!
! Of!the!20!occupancy!models!assessed!for!P.1clodius,!two!models!had!strong!
support!(ΔAICc!≤!2,!Table!4).!!The!model!with!the!highest!level!of!support!showed!P.1
clodius!was!negatively!correlated!with!the!frequency!of!occurrence!of!A.1tridentata!and!
Lupinus!species!and!the!second!model!showed!a!negative!relationship!with!A.1tridentata!
only!(Table!4).!!The!two!models!with!strong!support!(ΔAICc!≤!2),!both!containing!A.1
tridentata,!accounted!for!53%!of!the!AICc!model!weight!out!of!all!models!considered!
 17!
(Table!4).!!In!fact,!the!9!models!containing!A.1tridentata1as!a!covariate!were!the!top!9!
ranked!models!out!of!the!20!models!assessed!(Table!4).!!From!this,!we!can!determine!
that!A.1tridentata!was!heavily!driving!the!top!models.!!!
! P.1smintheus!had!three!models!with!strong!support!(ΔAICc!≤!2,!Table!5).!!The!top!
model!showed!a!positive!relationship!with!the!frequency!of!occurrence!of!A.1tridentata1
and!A.1arbuscula1(Table!5).!!The!second!model!showed!a!positive!relationship!with!A.1
tridentata1and1P.1smintheus’!host!plant,!Sedum!species,!and!the!third!model!showed!a!
positive!relationship!with!Sedum!species!only!(Table!5).!!A.1tridentata1was!also!an!
important!variable!driving!the!top!models!for!P.1smintheus.!!The!two!models!with!strong!
support!(ΔAICc!≤!2),!both!containing!A.1tridentata,!accounted!for!40%!of!the!AICc!model!
weight!out!of!all!models!considered!(Table!5).!!We!modeleaveraged!parameter!estimates!
to!graph!both!Parnassius!species’!relationship!with!A.1tridentata,!which!indicated!that!
the!occurrence!of!P.1clodius!decreased!as!the!abundance!of!A.1tridentata!increased!
(Figure!4)!and!the!occurrence!of!P.1smintheus!increased!as!the!abundance!of!A.1
tridentata!increased!(Figure!5).!!Correlation!coefficients!for!the!seven!site!covariates!are!
provided!in!Table!6.!
!
Discussion'
! We!hypothesized!that!the!occupancy!of!P.1clodius!would!be!positively!correlated!
with!A.1arbuscula1and!E.1umbellatum,!which!is!not!what!we!discovered!based!on!the!
occupancy!models.!!The!occupancy!models!showed!a!negative!relationship!with!A.1
tridentata1and!Lupinus1species.!!This!is!not!surprising!considering!the!histogram!
comparing!vegetation!categories!of!sites!with!P.1clodius!present!and!P.1clodius!absent!
displays!A.1tridentata1and!Lupinus1species!having!the!largest!difference!between!sites!
with!P.1clodius!present!and!P.1clodius!absent!(Appendix!B,!Figure!B.10).!!E.1umbellatum!
was!found!very!commonly!across!all!types!of!montane!meadows!and!therefore!was!not!
a!good!indicator!of!P.1clodius.11A.1arbuscula!is!much!less!dominant!in!the!xeric!meadows!
in!the!Teton!region!(Figure!1),!so!its!frequency!of!occurrence!may!not!have!been!high!
enough!to!be!selected!as!a!predictive!variable!in!our!model!for!P.1clodius.!!Even!though!
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our!data!did!not!show!a!significant!negative!correlation!between!the!two!sagebrush!
species,!A.1tridentata!and!A.1arbuscula,1(r!=!e!0.276,!P!=!0.0810)!(Table!6),!our!
observations!at!a!larger!spatial!scale!in!the!field!indicate!that!meadows!with!high!
percent!cover!of!A.1arbuscula1often!have!limited!cover!of!A.1tridentata.!!A.1arbuscula1did!
show!a!significant!positive!correlation!with!E.1umbellatum1(r!=!0.410,!P!=!0.0078)1and!
Sedum1species!(r!=!0.484,!P!=!0.0013)!(Table!6),1which!are!results!that!warrant!further!
investigation.!!1!
! We!hypothesized!that!the!occupancy!of!P.1smintheus1would!be!positively!
correlated!with!A.1tridentata1and!their!host!plant,!Sedum1species.!This!prediction!was!
supported!by!the!results!of!the!occupancy!models.!!We!have!generally!observed!P.1
smintheus1in!meadows!with!high!amounts!of!A.1tridentata1in!past!butterfly!surveys!in!
the!Teton!region.!!However!further!research!may!need!to!be!conducted!to!better!
understand!whether!the!relationship!between!P.1smintheus1and!A.1tridentata!is!a!direct!
relationship!or!whether!A.1tridentata1is!correlated!with!other!more!directly!important!
resources!for!P.1smintheus.!
When!comparing!occupancy!modeling!results!for!the!two!Parnassius!species,!P.1
clodius!was!negatively!associated!and!P.1smintheus!was!positively!associated!with!the!
presence!of!A.1tridentata.!!MacKenzie!et!al.!(2002)!indicated!that!high!detection!rates!(>!
0.5,!such!as!we!observed!for!P.1clodius!and!P.1smintheus!at!p!=!0.75)!produce!unbiased!
and!accurate!occupancy!models.!Thus,!we!can!have!confidence!in!our!models!of!A.1
tridentata!as!one!of!the!major!indicators!of!the!absence!of!P.1clodius!and!presence!of!P.1
smintheus.!!A.!tridentata!was!not!previously!considered!to!be!an!important!habitat!
component!for!Parnassius!species!because!it!does!not!serve!as!a!host!plant!or!nectar!
source.!However,!A.1tridentata!is!the!dominant!species!in!the!xeric!meadows!within!the!
Teton!region!and!it!is!often!associated!with!Sedum!species,!the!host!plant!for!P.1
smintheus.!!
As!reflected!in!the!occupancy!estimates,!P.1clodius!was!the!more!common!
Parnassius!species!found!in!the!Teton!region!and!P.1smintheus!was!found!at!a!limited!
number!of!sites.!!The!probability!of!occupancy!given!that!the!species!is!not!detected!for!
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both!Parnassius!species!is!very!low,!which!gives!us!further!confidence!in!our!occupancy!
estimates!for!the!study!sites!that!we!explored.!!However!based!on!potential!P.1
smintheus!habitat!that!was!not!explored!during!this!study,!it!is!important!to!note!that!P.1
smintheus!is!likely!to!have!a!higher!rate!of!occupancy!across!Grand!Teton!National!Park!
than!our!estimate!implies.!!Our!sampling!focused!primarily!on!mesic!meadows!and!
meadows!containing!A.1arbuscula,!which!is!where!P.1clodius!was!found,!and!we!
undersampled!meadows!with!primarily!A.1tridentata,!which!is!where!P.1smintheus!was!
found.!!Despite!the!biased!in!the!ratio!of!P.1clodius!and!P.1smintheus!sites!that!we!
surveyed,!we!still!believe!P.1smintheus1is!more!rare!in!comparison!to!P.1clodius1in!the!
Teton!region.!!!
The!high!percentage!of!the!meadows!occupied!by!P.1clodius!far!exceeded!our!
expectations.!!While!these!results!are!encouraging!from!the!context!of!longeterm!
viability,!it!is!also!important!to!consider!the!total!number!of!butterflies!recorded!at!each!
study!site!(summed!across!four!presenceeabsence!surveys).!!The!sites!occupied!by!P.1
clodius1that!were1classified!as!smallesized!populations!(x!=!3!butterflies!
observed/survey)!had!an!overall!low!abundance;!21!out!of!the!32!meadows!contained!
less!than!8!individuals!across!all!4!butterfly!surveys!(Appendix!A,!Table!A.2).!!The!
remaining!11!study!sites!categorized!as!mediumesized!populations!(x!=!25!butterflies!
observed/survey),!ranged!from!14!to!35!total!individuals!recorded!throughout!the!study!
(Appendix!A,!Table!A.2).!!P.1clodius!populations!were!categorized!into!size!classes!based!
on!the!wellestudied!metapopulation!of!the!Bay!Checkerspot!butterfly!(Euphydryas1
editha1bayensis)!in!southern!Santa!Clara!County,!California!(Ehrlich!1961;!Harrison!et!al.!
1988;!Weiss!et!al.!1988).!!E.1editha’s!large!source!population!covering!a!2,000!ha!area!
hosts!hundreds!of!thousands!of!adult!butterflies!each!year!and!the!surrounding!smalle
sized!populations!ranging!from!0.1!to!250!ha!in!size!host!10!–!400!adults!each!year!
(Harrison!et!al.!1988;!Weiss!et!al.!1988).!!We!should!note!that!we!did!not!try!to!estimate!
the!total!size!of!the!Parnassius!population!at!these!locations,!but!we!are!using!our!
estimates!to!provide!an!index!of!abundance.!!In!the!context!of!E.1editha’s1population!
size!classification,!none!of!the!Parnassius!populations!in!the!Teton!region!were!
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considered!“large”!from!an!insect!population!perspective.!!Out!of!the!11!mediumesized!
P.1clodius!populations!that!were!discovered,!the!Pilgrim!Creek!population!stands!out!as!
being!different.!!Although!the!other!mediumesized!populations!have!similar!average!
butterflies!observed/survey!as!Pilgrim!Creek,!the!total!area!comprising!Pilgrim!Creek!
meadow!(65!ha)!is!considerably!larger!than!the!remaining!meadow!sites!(x!=!5!ha),!
except!for!Lupine!meadow!(92!ha).!!Based!on!the!meadow!size!of!Pilgrim!Creek!and!as!
indicated!from!P.1clodius!markerecapture!surveys!in!Pilgrim!Creek!(Auckland!et!al.!2004),!
we!believe!Pilgrim!Creek!is!the!only!population!in!the!region!that!regularly!hosts!
hundreds!of!individuals!(Debinski!and!Szcodronski,!personal!obs.).!!With!this!in!mind,!
our!results!provide!preliminary!evidence!that!the!P.1clodius!population!in!the!Teton!
region!may!fit!a!sourceesink!metapopulation!model!(Harrison!1991;!Pulliam!1988)!with!
the!Pilgrim!Creek!population!as!one!of!the!main!source!populations.!However,!
colonization!and!extinction!rates!would!need!to!be!estimated!to!more!definitively!to!
describe!these!sites!as!sources!or!sinks.!!
Given!that!there!are!no!extensive!data!on!Parnassius!species!in!the!Teton!region,!
it!is!unclear!whether!the!current!population!configuration!is!a!stable!one.!!A!rising!tree!
line!is!occurring!in!high!elevations!of!the!Rocky!Mountains!(Walther!et!al.!2002),!which!is!
anticipated!to!be!a!major!threat!to!rangeerestricted!high!elevation!species!(Dirnböck!et!
al.!2011).!!Rising!tree!line!associated!with!climate!change!(Walther!et!al.!2001)!could!
affect!Parnassius!metapopulation!dynamics!in!the!Teton!region!by!reducing!total!habitat!
available!and/or!limiting!dispersal!among!populations.!In!alpine!meadows!along!the!
Rocky!Mountain!range!of!Alberta,!Canada!inhabited!by!P.1smintheus,!evergreen!forest!
rising!tree!line!decreased!the!average!meadow!size!by!78%!from!1952!to!1993!(Roland!
et!al.!2000;!Matter!et!al.!2004;!Roland!and!Matter!2007).!!The!resultant!fragmentation!
caused!loss!of!habitat!connectivity,!decreasing!the!number!of!P.1smintheus!moving!
between!meadows!by!an!estimated!41%!(Roland!et!al.!2000;!Matter!et!al.!2004;!Roland!
and!Matter!2007).!Butterflies!in!the!Alberta!system!do!not!disperse!among!meadows!if!
there!is!greater!than!1!km!of!forest!separating!the!populations!(Roland!and!Matter!
2007).!!Therefore!montane!meadow!butterflies!that!are!constrained!to!isolated,!
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shrinking!habitats!that!avoid!forest!edges,!such!as!Parnassius,!are!highly!vulnerable!to!
genetic!isolation!(Keyghobadi!et!al.!1999;!Keyghobadi!et!al.!2005;!Dirnböck!et!al.!2011).!!
It!is!currently!unknown!whether!montane!meadows!in!the!Teton!region!are!decreasing!
in!size,!but!this!would!be!valuable!information!to!help!determine!the!longeterm!viability!
of!the!Parnassius!populations!in!this!ecosystem.!!!!
In!addition!to!habitat!size!and!configuration,!another!variable!of!interest!is!the!
probability!of!Parnassius!dispersing!across!forests!in!order!to!move!between!meadows.!!
Among!the!populations!described!in!this!study,!there!was!an!average!1.7!km!distance!
between!large!and!small!populations.!!In!most!cases!these!meadows!are!surrounded!by!
forests.!!Thus,!the!probability!of!dispersal!across!forest!could!have!important!
implications!relative!to!sourceesink!metapopulation!dynamics.!!Research!conducted!by!
multiple!groups!found!strikingly!similar!results!for!the!average!daily!movements!of!
Parnassius!butterflies.!!P.1apollo!movement!averaged!at!230!m/day!(Brommer!and!Fred!
1999),!P.1smintheus!movement!averaged!at!140!m/day!(Roland!2000)!and!200!m/day!
(Scott!1986),!and!P.1clodius1movement!averaged!at!200!m/day!(Auckland!et!al.!2004).!!
The!only!information!we!have!regarding!the!potential!for!P.1clodius!to!travel!through!
forests!came!from!a!marked!butterfly!that!travelled!between!two!of!our!sites!over!the!
course!of!seven!days!in!2014!(Debinski!and!H.!Pritchard!personal!obs.).!The!shortest!
distance!between!these!sites!(through!forest)!was!~2!km!whereas!the!alternative!
(through!open!habitat)!was!~5!km.!Five!km!would!be!a!relatively!long!distance!for!a!
Parnassius!to!travel!within!seven!days!based!upon!previously!documented!movement!
data,!but!we!cannot!definitively!distinguish!between!these!two!options.!
Beyond!the!threats!of!habitat!loss!and!isolation,!droughteassociated!changes!in!
the!balance!between!woody!shrubs!(Artemisia!spp.)!and!forb!cover!could!also!be!
affecting!Parnassius!species!in!this!ecosystem.!!Debinski!et!al.!(2010)!found!a!decrease!
in!forb!cover!in!xeric!and!mesic!meadows!within!the!ecosystem!associated!with!drought!
between!1997!–!2007.!!Reductions!in!forb!cover!could!limit!the!nectar!availability!for!P.1
clodius!and!P.1smintheus.!!In!addition,!the!warmer!and!drier!conditions!associated!with!
climate!change!predictions!for!the!Rocky!Mountain!range!(Kim!et!al.!2002;!Zimmerman!
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et!al.!2006)!are!likely!to!cause!increasing!abundance!of!A.1tridentata!in!higheelevation!
montane!meadow!habitats!in!the!western!United!States!that!are!currently!dominated!
by!forbs!(Whitlock!and!Bartlein!1993;!Harte!and!Shaw!1995;!Perfors!et!al.!2003).!!
Quaternary!pollen!records!over!the!past!10,000!years!indicated!that!increased!Artemisia!
species!abundance!was!associated!with!brief!warm!intervals!(Whitlock!and!Bartlein!
1993).!!A!climate!change!simulation!experiment!in!Rocky!Mountain!meadows!showed!
that!A.1tridentata!had!significantly!greater!seedling!establishment,!increased!
aboveground!biomass,!and!enhanced!growth!rate!in!heated!plots!over!control!plots!
(Harte!and!Shaw!1995;!Perfors!et!al.!2003).!!This!implies!that!warming!could!enhance!
seedling!establishment!as!well!as!above!ground!biomass!of!sagebrush,!significantly!
modifying!meadow!composition!and!butterfly!habitat.!!
The!strong!negative!correlation!we!observed!between!P.1clodius!and!A.1
tridentata!is!particularly!notable!with!respect!to!the!future!viability!of!P.1clodius.!!
Alternatively,!given!the!positive!relationship!between!P.1smintheus!and!A.1tridentata,!we!
might!expect!an!increase!in!P.1smintheus!occupancy!with!warmer!conditions.!!However,!
both!of!these!correlations!warrant!further!investigation!to!determine!whether!the!
relationships!represent!direct!or!potentially!indirect!relationships!between!Parnassius1
species1and!A.1tridentata.1!For!P.1clodius,1it!would!be!worthwhile!to!understand!whether!
A.1tridentata!is!negatively!associated!with!other!important!environmental!factors!that!
create!critical!habitat!conditions.1!For!P.1smintheus,!it!would!be!valuable!to!know!
whether!the!Sedum1host!plants!found!in!association!with!A.1tridentata1and!A.1arbuscula!
(Table!6)!are!expected!to!change!in!cover!with!warmer!and!drier!conditions.!
In!summary,!P.1clodius!was!much!more!frequently!observed!compared!to!P.1
smintheus!within!the!Teton!region.!!Although!we!found!a!high!rate!of!occupancy!for!P.1
clodius,!the!majority!of!these!populations!were!small!(x!=!3!butterflies!observed/survey).!!
Climate!change!could!cause!1)!changes!in!tree!line!and!an!associated!decrease!in!
meadow!area,!2)!decreases!in!forb!cover,!and!3)!increases!in!A.1tridentata!cover!in!this!
ecosystem.!!Such!changes!could!lead!to!reduced!gene!flow!for!P.1clodius,!as!was!
observed!in!Canadian!populations!of!P.1smintheus!(Keyghobadi!et!al.!1999;!Keyghobadi!
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et!al.!2005).!!Increases!in!A.1tridentata!cover!could,!however,!be!potentially!beneficial!
for!P.1smintheus!in!this!system.!!Understanding!population!ranges!and!habitat!
requirements!of!these!butterfly!populations!will!be!useful!for!managers!and!scientists!in!
this!ecosystem,!and!will!also!assist!conservation!efforts!for!other!related!Parnassius!
species!that!are!threatened!or!endangered!worldwide!due!to!habitat!loss!and!climate!
change.!!Given!the!conservation!concerns!associated!with!P.1apollo!in!Europe,!the!
relatively!small!population!sizes!observed!in!the!Teton!region,!and!the!potential!for!
habitat!change!in!the!future,!it!would!be!advisable!to!regularly!monitor!Parnassius!
populations!within!the!Teton!region.!!!!!
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Figure!1.!!Vegetation!map!of!Grand!Teton!National!Park,!WY!and!surrounding!territories!
displaying!occupancy!of!Parnassius1clodius!in!meadow!sites!(n!=!41)!surveyed!from!mid!
June!–!mid!July!2013.!!Sites!were!considered!occupied!if!at!least!one!butterfly!was!
verified!to!be!present!in!at!least!one!out!of!the!four!presenceeabsence!butterfly!surveys!
and!sites!were!considered!to!be!unoccupied!if!no!butterflies!were!observed!across!all!
four!presenceeabsence!surveys.!
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Figure!2.!!Map!of!Grand!Teton!National!Park,!WY!and!surrounding!territories!displaying!
occupancy!of!Parnassius1clodius1and!Parnassius1smintheus!in!meadow!sites!(n!=!41)!
surveyed!from!mid!June!–!mid!July!2013.!!Sites!were!considered!occupied!if!at!least!one!
butterfly!was!verified!to!be!present!in!at!least!one!out!of!the!four!presenceeabsence!
butterfly!surveys!and!sites!were!considered!to!be!unoccupied!if!no!butterflies!were!
observed!across!all!four!presenceeabsence!surveys.!
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Figure!3.!!Map!of!Grand!Teton!National!Park,!WY!and!surrounding!territories!displaying!
the!distribution!and!population!size!classes!of!Parnassius1clodius1populations!(n!=!32)!
surveyed!from!mid!June!–!mid!July!2013.!!The!circles!represent!population!size!classes!
that!are!based!on!the!total!number!of!observed!Parnassius1clodius1butterflies!summed!
across!four!presenceeabsence!surveys.!!The!Pilgrim!Creek!population!is!indicated!by!the!
large!circle,!mediumesized!populations!(14!–!35!individuals!across!four!butterfly!surveys)!
are!indicated!by!the!medium!circles,!and!smallesized!populations!(<!8!individuals!across!
four!butterfly!surveys)!are!indicated!by!the!small!circles.!
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Table!1.!!Summary!of!modeleselection!statistics!examining!variables!associated!with!
probability!of!detection!(p)1of!Parnassius1clodius!in!Grand!Teton!National!Park!and!
BridgereTeton!National!Forest,!WY!from!mid!June!–!mid!July!2013.!!Reported!is!AICc!
value,!relative!difference!in!AICc!compared!to!toperanked!model!(ΔAICc),!AICc!model!
weight!(wi),!and!number!of!parameters!in!the!model!(K).!!!
Model' ''AICc' ''ΔAICc' ''wi' ''K'
ψ(.),!p(.)! 184.07! 0! 0.4827! 2!
ψ(.),!p(survey)! 185.36! 1.29! 0.2533! 3!
ψ(.),!p(observer)! 186.06! 1.99! 0.1785! 3!
ψ(.),!p(t)! 187.53! 3.46! 0.0856! 5!
!
!
Table!2.!!Summary!of!modeleselection!statistics!examining!variables!associated!with!
probability!of!detection!(p)1of!Parnassius1smintheus!in!Grand!Teton!National!Park!and!
BridgereTeton!National!Forest,!WY!from!mid!June!–!mid!July!2013.!!Reported!is!AICc!
value,!relative!difference!in!AICc!compared!to!toperanked!model!(ΔAICc),!AICc!model!
weight!(wi),!and!number!of!parameters!in!the!model!(K).!!!
Model' '''AICc' ''ΔAICc' ''wi' ''K'
ψ(.),!p(.)! 48.12! 0! 0.3623! 2!
ψ(.),!p(observer)! 48.72! 0.60! 0.2684! 3!
ψ(.),!p(survey)! 48.73! 0.61! 0.2671! 3!
ψ(.),!p(t)! 50.65! 2.53! 0.1023! 5!
!
!
Table!3.!!Probability!of!occupancy!(ψ)!and!probability!of!detection!(p)1estimates!with!
standard!error!(SE)!included!for!Parnassius1clodius!and!Parnassius1smintheus!collected!
across!four!presenceeabsence!surveys!from!mid!June!–!late!July!2013!in!Grand!Teton!
National!Park!and!BridgereTeton!National!Forest,!WY.!!Estimates!provided!for!each!
species!are!from!the!toperanked!detection!probability!model,!which!is!the!null!constant!
parameter!model![ψ(.),!p(.)]!for!Parnassius1clodius!and!Parnassius1smintheus.!
Species' p/estimate/(SE)' 95%'CI'for'p/ ψ(SE)' 95%'CI'for'Ψ'
P.1clodius1 0.75!(0.04)! 0.6691!e!!0.8238! 0.78!(0.07)! 0.6313!e!!0.8853!
P.1smintheus1 0.75!(0.11)! 0.4799!e!!0.9027! 0.10!(0.05)!! 0.0375!e!!0.2353!
!
!
!
!
!
!
!
 !
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Table#4.##Summary#of#model3selection#statistics#examining#variables#associated#with#the#probability#of#occupancy#(ψ)#of#Parnassius(
clodius#in#Grand#Teton#National#Park#and#Bridger3Teton#National#Forest,#WY#from#mid#June#–#mid#July#2013a.##Reported#is#Akaike’s#
Information#Criterion#with#small#sample#bias#correction#(AICc),#relative#difference#in#AICc#compared#to#top3ranked#model#(ΔAICc),#AICc#
model#weight#(wi),#number#of#parameters#in#the#model#(K),#and#twice#the#negative#log3likelihood#(32l).##All#models#used#null#constant#
model#for#modeling#detection#probability.#!
Model! AICc! ΔAICc! wi! K! /2l!
ψ(A.(tridentata#+#Lupinus(spp.),#p(.)# 168.96# 0# 0.3127# 4# 159.85#
ψ(A.(tridentata),#p(.)# 169.65# 0.69# 0.2215# 3# 163.00#
ψ(A.(tridentata#+#Lupinus(spp.#+#Sedum#spp.),#p(.)# 171.38# 2.42# 0.0932# 5# 159.67#
ψ(A.(tridentata#+#E.(umbellatum#+#B.(sagittata),#p(.)# 171.42# 2.46# 0.0914# 5# 159.71#
ψ(A.(tridentata#+#A.(arbuscula(+#Lupinus(spp.),#p(.)# 171.48# 2.52# 0.0887# 5# 159.77#
ψ(A.(tridentata#+#Sedum#spp.),#p(.)# 172.09# 3.13# 0.0654# 4# 162.98#
ψ(A.(tridentata(+(A.(arbuscula),(p(.)( 172.10# 3.14# 0.0651# 4# 162.99#
ψ(A.(tridentata(+(E.(umbellatum(+(B.(sagittata(+(secondary#nectar),(p(.)( 173.46# 4.50# 0.0330# 6# 158.99#
ψ(A.(tridentata#+#A.(arbuscula#+#E.(umbellatum(+#B.(sagittata),#p(.)# 174.06# 5.10# 0.0244# 6# 159.59#
ψ(Lupinus(spp.),#p(.)# 178.43# 9.47# 0.0027# 3# 171.78#
ψ(A.(arbuscula(+(Lupinus(spp.),(p(.)( 179.70# 10.74# 0.0015# 4# 170.59#
ψ(.),#p(.)# 184.39# 15.43# 0.0001# 2# 180.07#
ψ(A.(arbuscula),#p(.)# 184.61# 15.65# 0.0001# 3# 177.96#
ψ(B.(sagittata),#p(.)# 186.03# 17.07# 0.0001# 3# 179.38#
ψ(Sedum#spp.),(p(.)( 186.51# 17.55# <#0.0001# 3# 179.86#
ψ(secondary#nectar),(p(.)( 186.70# 17.74# <#0.0001# 3# 180.05#
ψ(E.(umbellatum),#p(.)# 186.71# 17.75# <#0.0001# 3# 180.06#
ψ(A.(arbuscula(+(E.(umbellatum#+#B.(sagittata),#p(.)# 187.72# 18.76# <#0.0001# 5# 176.01#
ψ(A.(arbuscula(+(E.(umbellatum(+(B.(sagittata(+(secondary#nectar),(p(.)( 189.94# 20.98# <#0.0001# 6# 175.47#
ψ(E.(umbellatum#+#B.(sagittata#+#secondary#nectar),#p(.)# 190.96# 22.00# <#0.0001# 5# 179.25#
!
a#The#global#model#(all#covariates)#failed#to#converge#and#was#therefore#excluded#from#the#analysis.
 !
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Table#5.!!Summary#of#model3selection#statistics#examining#variables#associated#with#the#probability#of#occupancy#(ψ)#of#P.(smintheus#
in#Grand#Teton#National#Park#and#Bridger3Teton#National#Forest,#WY#from#mid#June#–#mid#July#2013.##Reported#is#Akaike’s#
Information#Criterion#with#small#sample#bias#correction#(AICc),#relative#difference#in#AICc#compared#to#top3ranked#model#(ΔAICc),#AICc#
model#weight#(wi),#number#of#parameters#in#the#model#(K),#and#twice#the#negative#log3likelihood#(32l).##All#models#use#null#constant#
model#for#modeling#detection#probability.#
Model! AICc! ΔAICc! wi! K! /2l!
ψ(A.(tridentata(+#A.(arbuscula),#p(.)# 45.16# 0# 0.2207# 4# 36.05#
ψ(A.(tridentata#+#Sedum#spp.),#p(.)# 45.58# 0.42# 0.1789# 4# 36.47#
ψ(Sedum(spp.),(p(.)( 46.43# 1.27# 0.1170# 3# 39.78#
ψ(A.(tridentata#+#Lupinus(spp.#+#Sedum#spp.),#p(.)# 47.34# 2.18# 0.0742# 5# 35.63#
ψ(A.(tridentata),#p(.)# 47.64# 2.48# 0.0639# 3# 40.99#
ψ(A.(tridentata#+#A.(arbuscula(+#Lupinus(spp.),#p(.)# 47.73# 2.57# 0.0611# 5# 36.02#
ψ(A.(tridentata#+#A.(arbuscula#+#E.(umbellatum(+#B.(sagittata),#p(.)# 47.84# 2.68# 0.0578# 6# 33.37#
ψ(secondary#nectar),#(p.)( 48.22# 3.06# 0.0478# 3# 41.57#
ψ(.),#p(.)# 48.44# 3.28# 0.0428# 2# 44.12#
ψ(Lupinus(spp.),#p(.)# 49.82# 4.66# 0.0215# 3# 43.17#
ψ(A.(arbuscula),#p(.)# 49.87# 4.71# 0.0209# 3# 43.22#
ψ(A.(tridentata#+#Lupinus(spp.),#p(.)# 50.01# 4.85# 0.0195# 4# 40.90#
ψ(B.(sagittata),#p(.)# 50.24# 5.08# 0.0174# 3# 43.59#
ψ(E.(umbellatum),#p(.)# 50.77# 5.61# 0.0134# 3# 44.12#
ψ(A.(arbuscula#+#Lupinus(spp.),#p(.)## 50.99# 5.83# 0.0120# 4# 41.88#
ψ(A.(tridentata(+(E.(umbellatum(+(B.(sagittata(+(secondary#nectar),(p(.)( 51.01# 5.85# 0.0118# 6# 36.54#
ψ(A.(tridentata(+(E.(umbellatum(+(B.(sagittata),(p(.)( 52.00# 6.84# 0.0072# 5# 40.29#
ψ(E.(umbellatum#+#B.(sagittata#+#secondary#nectar),#p(.)# 52.11# 6.95# 0.0068# 5# 40.40#
ψ(A.(arbuscula(+(E.(umbellatum(B.(sagittata),#p(.)# 54.57# 9.41# 0.0020# 5# 42.86#
ψ(A.(arbuscula(+(E.(umbellatum#+#B.(sagittata#+#secondary#nectar),#p(.)# 54.80# 9.64# 0.0018# 6# 40.33#
ψ(all#7#variables),#p(.)( 55.20# 10.04# 0.0015# 9# 31.39#
 !
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Figure#4.##Influence#of#Artemisia)tridentata#on#the#probability#of#Parnassius)clodius#
occupancy)in#Grand#Teton#National#Park#and#Bridger>Teton#National#Forest,#WY,#
collected#during#the#summer#of#2013.##Artemisia)tridentata#was#collected#using#
frequency#of#occurrence#vegetation#sampling#techniques.##Shaded#area#represents#95%#
confidence#interval.#
#
#
!
!
Figure#5.##Influence#of#Artemisia)tridentata#on#the#probability#of#Parnassius)smintheus#
occupancy)in#Grand#Teton#National#Park#and#Bridger>Teton#National#Forest,#WY,#
collected#during#the#summer#of#2013.##Artemisia)tridentata#was#collected#using#
frequency#of#occurrence#vegetation#sampling#techniques.##Shaded#area#represents#95%#
confidence#interval.#
#
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Table#6.##Pearson’s#product6moment#correlation#coefficients#(r)#among#the#seven#site#covariates#used#in#occupancy#modeling.##Site#
covariates#were#collected#using#frequency#of#occurrence#vegetation#sampling#techniques#collected#in#study#sites#in#Grand#Teton#
National#Park#and#Bridger6Teton#National#Forest,#WY#(n#=#41)#during#the#summer#of#2013.##Bold#values#indicate#there#was#a#
significant#correlation#(P#<#0.05).#
#
A.#arbuscula# A.#tridentata# E.#umbellatum# B.#sagittata# Sedum#spp.# Lupinus#spp.# Secondary#Nectar#
A.#arbuscula# 1# 60.276# 0.410% 60.254# 0.484% 60.109# '0.652%
A.#tridentata# 60.276# 1# 0.248# 0.016# 0.078# 0.382% 60.198#
E.#umbellatum# 0.410% 0.248# 1# 60.070# 0.249# 0.195# '0.553%
B.#sagittata# 60.254# 0.016# 60.070# 1# 60.227# 0.038# 0.152#
Sedum#spp.# 0.484% 0.078# 0.249# 60.227# 1# 60.039# 60.420#
Lupinus#spp.# 60.109# 0.382% 0.195# 0.038# 60.039# 1# 60.164#
Secondary#Nectar# '0.652% 60.198# '0.553% 0.152# 60.420# 60.164# 1#
%
#
#
%
%
%
%
%
%
%
%
%
%
%
%
%
 !
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APPENDIX(A:((SUPPLEMENTAL(TABLES(FOR(CHAPTER(2#
Table#A.1.##UTM#(Universal#Transverse#Mercator)#coordinates#of#the#Grand#Teton#
National#Park#and#BridgerATeton#National#Forest,#WY#study#sites#(UTM#NAD#1983#Zone#
12N)#with#meadow#size#(ha)#and#elevation#(m)#provided#for#each#site.##Occupancy#data#
for#Parnassius(clodius#and#Parnassius(smintheus(are#included#for#each#study#site#
collected#mid#June#–#mid#July#2013#(PC#=#Parnassius(clodius#present,#PS#=#Parnassius(
smintheus#present,#PC#&#PS#=#Parnassius(clodius#and#Parnassius(smintheus#present,#
Absent#=#both#Parnassius#species#absent).##Sites#were#considered#occupied#if#at#least#one#
butterfly#was#verified#to#be#present#in#at#least#one#out#of#the#four#presenceAabsence#
butterfly#surveys#and#sites#were#considered#to#be#unoccupied#if#no#butterflies#were#
observed#across#all#four#presenceAabsence#surveys.##
Meadow(Site( GPS(Position(
Elevation(
(m)(
Meadow(
Size((ha)(
Parnassius(
Occupancy(
AMK#Ranch# 528713#4865045# 2080# 3# PC#
AMK#Road# 529077#4864934# 2094# 4# PC#
Antelope#Flats# 529470#4835784# 2069# 135# Absent##
Bearpaw#Lake#Intersection# 521838#4852775# 2110# 1# PC#
Bearpaw#Lake#Trail# 522079#4849388# 2114# 4# PC#
Buffalo#Fork# 549358#4855639# 2132# 115# PC#
Christian#Pond# 534432#4858912# 2104# 21# Absent#
Climbers#Ranch# 521577#4838973# 2043# 14# PC#&#PS#
Cow#Lake#1# 535004#4851840# 2080# 157# PS#
Cow#Lake#2# 532269#4851812# 2099# 261# PS#
Cygnet#Pond# 530146#4861081# 2086# 20# PC#
Death#Canyon#Phelps#Lake#Jct.# 515719#4833590# 2068# 4# PC#
Death#Canyon#Ranger#Cabin# 513571#4834713# 2401# 1# PC#
Dump#Road# 530523#4861790# 2090# 9# PC#
Elk#Ranch#1# 540261#4850850# 2079# 40# Absent#
Elk#Ranch#2# 541592#4849795# 2095# 300# PS#
Grand#View#1# 535627#4861193# 2225# 1# PC#
Grand#View#2# 535609#4861415# 2285# 1# PC#
Grand#View#Parking# 535142#4860599# 2146# 9# PC#
Hidden#Falls#Trail# 521439#4843954# 2080# 1# PC#
Lozier#Hill#Meadow# 538775#4856609# 2091# 8# PC#
Lozier#Hill#Road# 537747#4856522# 2043# 26# Absent#
Lupine#Meadow# 521129#4843032# 2063# 92# PC#
Mt.#Moran#Turnout# 528887#4850207# 2104# 1307# Absent#
North#Jenny#Lake# 522388#4848251# 2107# 52# PC#
Paintbrush#Canyon#Trail# 521072#4849468# 2138# 1# PC#
Pilgrim#Creek# 533718#4862533# 2117# 65# PC#
Pilgrim#Creek#East# 533942#4861337# 2110# 85# PC#
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Table#A.1.#(continued)#
Meadow(Site# GPS(Position#
Elevation(
(m)#
Meadow(
Size((ha)#
Parnassius(
Occupancy#
Shadow#Mountain#Hairpin# 532852#4838189# 2411# 25# PC#
Sound#of#Music# 533257#4839554# 2491# 25# PC#
String#Lake#Parking# 521728#4848059# 2102# 1# PC#
Surprise#Lake#Meadow## 520001#4841263# 2105# 6# PC#
Surprise#Lake#Trail#1# 520818#4841498# 2123# 2# PC#
Surprise#Lake#Trail#2# 520745#4841270# 2058# 2# PC#
Taggart#Lake#Trailhead# 521361#4837657# 2006# 16# PC#
Timbered#Island# 522115#4842890# 2062# 284# PC#
Two#Ocean#Lake#Road#1# 540926#4858405# 2107# 50# Absent#
Two#Ocean#Lake#Road#2# 540030#4860396# 2119# 9# PC#
Wilderness#Road#1# 544237#4864715# 2147# 6# PC#
Wilderness#Road#2# 543598#4864076# 2144# 10# PC#
Wilderness#Road#3# 542182#4861987# 2125# 30# PC#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
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Table#A.2.##Grand#Teton#National#Park#and#BridgerATeton#National#Forest,#WY#study#sites#
that#were#found#to#be#occupied#by#Parnassius(clodius((n#=#32)#during#butterflies#surveys#
conducted#from#mid#June#–#mid#July#2013.##There#were#four#presenceAabsence#butterfly#
surveys#conducted#at#each#study#sitea.##The#average#butterflies#observed/survey#and#the#
total#number#of#Parnassius(clodius(butterflies#summed#across#four#surveys(are#provided#
for#each#study#site.##The#population#size#classes#were#determined#based#on#the#total#
number#of#Parnassius(clodius(summed#across#four#presenceAabsence#surveys.##SmallA
sized#populations#(n#=#21)#were#classified#as#<#8#individuals#across#four#surveys#and#
mediumAsized#populations#(n#=#11)#were#classified#as#14#–#35#individuals#across#four#
surveys.(
Meadow(Site(
Average(
Butterflies/
Survey(
(
Total(Butterflies(
Across(4(Surveys(
(
Population(Size(
Classes(
AMK#Ranch# 0.25# 1# SmallAsized#
AMK#Road# 7# 28# MediumAsized#
Bearpaw#Lake#Intersection# 0.3# 1# SmallAsized#
Bearpaw#Lake#Trail# 0.8# 3# SmallAsized#
Buffalo#Fork# 1.0# 4# SmallAsized#
Climbers#Ranch# 0.8# 3# SmallAsized#
Cygnet#Pond# 1.0# 4# SmallAsized#
Death#Canyon#Phelps#Lake#Jct.# 0.8# 3# SmallAsized#
Death#Canyon#Ranger#Cabin# 3.0# 3# SmallAsized#
Dump#Road# 4.3# 17# MediumAsized#
Grand#View#1# 6.5# 26# MediumAsized#
Grand#View#2# 5.8# 23# MediumAsized#
Grand#View#Parking# 6.5# 26# MediumAsized#
Hidden#Falls#Trail# 0.5# 2# SmallAsized#
Lozier#Hill#Meadow# 0.5# 2# SmallAsized#
Lupine#Meadow# 5.3# 21# MediumAsized#
North#Jenny#Lake# 1.3# 5# SmallAsized#
Paintbrush#Canyon#Trail# 4.7# 14# MediumAsized#
Pilgrim#Creek# 6.5# 26# MediumAsized#
Pilgrim#Creek#East# 1.3# 5# SmallAsized#
Shadow#Mountain#Hairpin# 1.0# 4# SmallAsized#
Sound#of#Music# 2.0# 8# SmallAsized#
String#Lake#Parking# 0.5# 2# SmallAsized#
Surprise#Lake#Meadow## 8.8# 35# MediumAsized#
Surprise#Lake#Trail#1# 0.8# 3# SmallAsized#
Surprise#Lake#Trail#2# 1.0# 4# SmallAsized#
Taggart#Lake#Trailhead# 0.5# 2# SmallAsized#
Timbered#Island# 1.0# 4# SmallAsized#
Two#Ocean#Lake#Road#2# 0.3# 1# SmallAsized#
Wilderness#Road#1# 8.0# 32# MediumAsized#
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Table#A.2.#(continued)#
Meadow(Site#
Average(
Butterflies/
Survey#
(
Total(Butterflies(
Across(4(Surveys#
(
Population(Size(
Classes#
Wilderness#Road#2# 6.3# 25# MediumAsized#
Wilderness#Road#3# 2.0# 8# SmallAsized#
#
a#There#were#four#presenceAabsence#butterfly#surveys#conducted#at#each#study#site,#
expect#for#Death#Canyon#Ranger#Cabin#(1#survey#conducted)#and#Paintbrush#Canyon#
Trail#(3#surveys#conducted).#
(
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(
APPENDIX(B:((SUPPLEMENTAL(VEGETATION(DATA(FOR(CHAPTER(2(
(
Introduction(
Only#a#portion#of#the#vegetation#data#collected#in#2013#(7#out#of#15#covariates)#
were#used#in#the#Parnassius#occupancy#modeling#analyses#included#in#Chapter#2#to#
assess(how#particular#components#of#habitat#influenced#patterns#of#occupancy.##In#this#
appendix,#the#complete#2013#vegetation#dataset#was#used#in#a#more#detailed#vegetation#
analysis#to#further#analyze#the#habitat#requirements#of#the#more#common#Parnassius#
butterfly#in#the#Teton#region,#P.(clodius.##In#addition#to#data#collected#in#2013,#we#
conducted#Parnassius(clodius#and#Parnassius(smintheus#presenceAabsence#surveys#and#
vegetation#transect#surveys#in#a#smaller#subset#of#study#sites#(n#=#20)#in#Grand#Teton#
National#Park#and#BridgerATeton#National#Forest,#WY#during#a#pilot#study#in#2012.##The#
Parnassius#presenceAabsence#surveys#were#collected#in#2012#to#be#used#in#an#occupancy#
modeling#framework.##However,#we#were#unable#to#replicate#a#suitable#number#of#
presenceAabsence#sampling#events#due#to#limited#time#in#2012#and#we#did#not#use#the#
butterfly#data#from#the#pilot#study#to#estimate#occupancy.###
We#were#able#to#use#the#vegetation#data#collected#from#the#2012#pilot#study#as#
part#of#the#vegetation#analyses#provided#in#this#appendix#to#assess#the#habitat#
requirements#of#P.(clodius.##It#is#important#to#highlight#that#the#indicator#variable#of#
Parnassius#occupancy#for#the#vegetation#analysis#was#based#on#1A2#butterfly#presenceA
absence#surveys#in#2012#at#limited#number#of#sites#(n#=#20)#and#four#presenceAabsence#
surveys#in#2013#at#twice#the#number#of#sites#(n#=#41).##P.(clodius(was#present#at#13#out#of#
the#20#sites#surveyed#in#2012#(Appendix#B,#Table#B.1).##All#13#sites#that#P.(clodius#
occupied#in#2012#were#also#found#to#be#occupied#in#2013,#however#there#were#two#sites#
(Shadow#Mountain#Hairpin#and#Sound#of#Music)#that#P.(clodius#was#absent#in#the#first#
year#of#surveys#and#present#in#the#second#year.##We#originally#wanted#to#analyze#the#
habitat#of#both#Parnassius#species#to#determine#the#fine#scale#differences#in#habitat#
requirements#between#the#two#species,#but#P.(smintheus#was#found#at#very#few#sites#in#
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2012#(Appendix#B,#Table#B.1)#and#in#2013#(Appendix#A,#Table#A.1).##Due#to#small#sample#
size,#we#were#unable#to#incorporate#P.(smintheus#in#the#vegetation#analyses.#
Intensive#vegetation#surveys#were#performed#in#2012#using#percent#cover#
sampling#techniques#on#a#smaller#subset#of#study#sites#(n#=#20).##To#increase#the#sample#
size#in#2013#(n#=#41),#a#more#crude#extensive#sampling#method#was#used#for#vegetation#
surveys#by#collecting#frequency#of#occurrence#data.##Although#frequency#of#occurrence#
methods#gather#data#on#a#less#informative#scale#on#the#habitat#level,#this#sampling#
technique#allowed#us#to#gather#a#suitable#number#of#sites#to#be#used#in#the#Parnassius#
occupancy#modeling#analyses.##To#compare#the#vegetation#sampling#techniques,#the#
percent#cover#data#collected#in#2012#was#converted#into#frequency#of#occurrence#data#
to#assess#the#effectiveness#of#the#less#intensive#vegetation#sampling#technique.##The#
habitat#of#P.(clodius(was#analyzed#in#this#appendix#using#three#datasets:#2012#percent#
cover#vegetation#data,#2012#frequency#of#occurrence#vegetation#data#that#was#
converted#from#percent#cover#data,#and#2013#frequency#of#occurrence#vegetation#data.#
#
Methods(
2012(Vegetation(Surveys(
Vegetation#data#were#collected#in#2012#on#a#portion#of#the#2013#study#sites#
(Appendix#B,#Table#B.1).##Vegetation#was#surveyed#at#each#meadow#site#once#per#season#
during#the#butterflies’#flight#season#(mid#June#–#late#July)#at#slightly#varying#times,#
depending#on#the#elevation.##Study#sites#varied#considerably#in#meadow#size.##Therefore#
meadows#were#classified#into#three#size#classes#and#the#number#of#transects#for#data#
collection#was#proportional#to#meadow#size#(<10#ha#=#1#transect,#10A100#ha#=#2#transects,#
>100#ha#=#3#transects).##Vegetation#data#were#collected#by#recording#the#percent#cover#
of#plant#species#along#a#100#m#transect#in#a#1#x#½#m#quadrat#placed#every#5#m#(n#=#20#
quadrats#per#transect).##Percent#cover#was#recorded#in#each#quadrat#using#the#following#
adjusted#Daubenmire#(1959)#cover#classes:#trace,#1A5%,#5A25%,#25A50%,#50A75%,#75A95%,#
and#95A100%.##Percent#cover#data#were#recorded#for#over#50#plant#species.##Prior#to#
analyses,#these#data#were#combined#into#13#vegetation#categories#based#on#Parnassius#
 !
42#
habitat#preferences#and#frequency#of#occurrence#of#the#plant#species#(Appendix#B,#Table#
B.2).##Vegetation#categories#were#combined#into#general#groups#if#they#occurred#in#less#
than#10%#of#the#meadow#sites#or#had#an#overall#average#frequency#of#occurrence#less#
than#0.001.##The#midpoint#of#each#cover#class#recorded#was#used#as#the#data#point#in#the#
vegetation#analyses.##The#percent#cover#midpoint#of#each#vegetation#group#was#
averaged#across#each#quadrat#(n#=#20)#and#if#multiple#transects#were#collected#in#a#
meadow,#the#midpoints#were#averaged#across#transects#for#the#analyses.##The#percent#
cover#data#collected#in#2012#were#converted#into#frequency#of#occurrence#data#to#
compare#the#two#vegetation#sampling#techniques#used#during#the#study.##Data#were#
converted#in#Microsoft#Excel#v.14.4.2#by#replacing#each#quadrat#with#a#percent#cover#
category#recorded#with#a#“1”#indicating#that#the#plant#was#present#and#keeping#the#“0”#
indicating#that#the#plant#was#absent.#
#
2013(Vegetation(Surveys(
(see#Chapter#2:#Occupancy#modeling#of#Parnassius#butterfly#populations#in#Grand#Teton#
National#Park,#Wyoming,#Methods,#subtitle:#Vegetation(Surveys)(
#
2012(and(2013(Statistical(Analyses((
Summary#Data#and#TAtest##
# Histograms#were#created#in#Microsoft#Excel#version#14.4.2#displaying#the#
frequency#of#occurrence#or#percent#cover#of#vegetation#categories#averaged#across#sites#
where#P.(clodius#was#present#and#P.(clodius#was#absent.##Error#bars#indicate#the#standard#
error#of#each#vegetation#category.##Box#plots#were(created#in#R#version#2.15.2#(R#
Development#Core#Team#2012)#in#the#ggplot2#package#(Wickhman#2009)#using#the#
“qplot”#function.##Statistics#comparing#sites#with#P.(clodius#present#and#sites#with#P.(
clodius#absent#including#mean,#standard#error,#95%#upper#and#lower#confidence#
intervals,#and#student’s#tAtest#were#performed#in#R#version#2.15.2##(R#Development#Core#
Team#2012)#using#the#“lsmeans”#function#in#the#lsmeans#package#(Lenth#2013).##
#
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Ordination#Analyses#
# Ordination#plots#were#created#in#R#version#2.15.2#(R#Development#Core#Team#
2012)#with#the#vegan#package#(Oksanen#et#al.#2013)#using#the#“metaMDS”#and#
“ordispider”#functions.##The#BrayACurtis#Distance#Metric#was#used#to#calculate#
community#similarities#between#sites#with(P.(clodius(present#and#sites#with(P.(clodius(
absent(based#upon#vegetation#and#environmental#variables.##NonAmetric#
multidimensional#scaling#(NMDS)#ordination#methods#(Kruskal#and#Wish#1978)#were#
then#used#to#visualize#clusters#where#P.(clodius#was#present#versus#P.(clodius#absent.#
#
Classification#and#Regression#Tree#Analyses#
Classification#and#regression#tree#(CART)#analyses#were#performed#in#R#version#
2.15.2#(R#Development#Core#Team#2012)#within#the#rpart#package#(Therneau#et#al.#2012)#
using#the#“rpart”#function.##CART#uses#an#algorithm#known#as#recursive#partitioning#in#a#
stepAbyAstep#process#that#selects#the#best#predictor#for#the#response#variable#that#
separates#the#data#into#successive#homogeneous#groups#(Breiman#et#al.#1984).##A#tree#
plot#is#then#generated#that#indicates#the#value#of#the#predicator#where#the#response#
changes#by#splitting#each#node#on#the#tree#into#two#daughter#nodes#where#the#condition#
is#either#met#(“yes”)#or#not#met#(“no”)#until#terminal#nodes#are#reached#and#assigned#
class#labels#(Breiman#et#al.#1984).##A#singleAsplit#classification#tree#that#only#has#two#
terminal#nodes#is#known#as#a#stump#(Izenman#2009).#
#
Random#Forest#Analyses#
The#“randomForest”#function#located#in#the#randomForest#package#(Liaw#and#
Wiener#2002)#in#R#version#2.15.2#(R#Development#Core#Team#2012)#was#used#for#the#
random#forest#analyses.##According#to#Breiman#(2001),#“a#random#forest#is#a#classifier#
consisting#of#a#collection#of#treeAstructured#classifiers#{h(x,_k#),#k#=##1,#.#.#.}##where#the#
{_k}##are#independent#identically#distributed#and#random#vectors#and#each#tree#casts#a#
unit#vote#for#the#most#popular#class#at#input#x.”##The#random#forest#classification#
algorithm#was#used#to#estimate#the#effects#of#the#measured#vegetation#variables#and#
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select#the#important#predictors#(Breiman#2001)#that#affect#Parnassius(clodius#occupancy.##
To#better#understand#which#subset#of#variables#best#explains#the#response#values,#
random#forest#analysis#can#be#used#to#calculate#the#mean#decrease#in#accuracy#to#rank#
the#vegetation#covariates#in#a#data#set#(Cutler#et#al.#2007).##The#mean#decrease#accuracy#
values#are#included#in#a#graphical#display#to#assess#the#importance#of#the#variables.#
#
Correlation#Graph#
A#correlation#graph#was#made#in#R#version#2.15.2#(R#Development#Core#Team#
2012)#within#the#ggplot2#package#(Wickham#2009)#using#the#“qplot”#function#by#plotting#
the#2012#percent#cover#data#on#the#x#axis#and#the#2012#frequency#of#occurrence#data#on#
the#y#axis.#
(
2012(Results(and(Discussion(
The#conversion#of#percent#cover#data#to#frequency#of#occurrence#data#allowed#us#
to#compare#sampling#techniques#used#in#the#study#to#assess#the#effectiveness#of#the#
frequency#of#occurrence#methods.##The#correlation#plot#of#the#2012#percent#cover#and#
frequency#of#occurrence#data#indicates#that#the#measures#are#correlated#between#the#
two#vegetation#sampling#techniques#for#the#majority#of#the#habitat#variables#(Appendix#
B,#Figure#B.1).#
The#raw#data#displayed#in#the#histograms#(Appendix#B,#Figure#B.2)#and#boxplots#
(Appendix#B,#Figure#B.3#and#Figure#B.4)#highlight#the#differences#in#data#sets#between#
the#percent#cover#and#frequency#of#occurrence#sampling#techniques.##Although#the#
general#habitat#variables#of#bare#ground,#litter,#and#graminoids#appear#homogenous#
across#study#sites#according#to#the#frequency#of#occurrence#dataset,#the#percent#cover#
dataset#demonstrates#that#these#variables#are#distinct#based#on#Parnassius#occupancy.##
Bare#ground#in#particular#is#an#important#variable#for#the#presence#of#P.(clodius’#host#
plant,#Dicentra(uniflora,#in#the#Teton#region((Sherwood#personal#communication).((This#
could#be#one#of#the#critical#components#of#habitat#selection#for#P.(clodius#that#was#lost#
in#the#data#collection#using#frequency#of#occurrence#methods.#
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Although#there#are#differences#in#the#patterns#shown#in#the#histograms#for#the#
two#sampling#techniques#(Appendix#B,#Figure#B.2),#results#from#the#vegetation#analyses#
provide#evidence#that#the#two#methods#produce#similar#findings#with#respect#to#P.(
clodius#occupancy.##The#ordination#plots#(Appendix#B,#Figure#B.5)#show#that#there#is#a#
separation#of#groupings#of#sites#with#P.(clodius(present#and#absent,#which#is#seen#
consistently#for#both#sampling#techniques.##All#of#the#2012#vegetation#analyses#support#
the#conclusion#that#B.(sagittata(is#the#key#variable#in#affecting#P.(clodius#occupancy.##PA
values#based#on#student’s#tAtest#demonstrate#that#the#variables#B.(sagittata(and#
miscellaneous#forbs#show#significance#difference#(P#<#0.05)#in#the#percent#cover#dataset#
(Appendix#B,#Table#B.3)#and#B.(sagittata#shows#significance#(P#<#0.05)#in#the#frequency#of#
occurrence#dataset#(Appendix#B,#Table#B.4).##Classification#and#regression#trees#(CART)#
(Appendix#B,#Figure#B.6#and#Figure#B.7)#and#random#forest#(Appendix#B,#Figure#B.8)#
analyses#show#the#same#relationship#between#B.(sagittata#and#P.(clodius(occupancy.##
CART#produced#a#stump,#singleAsplit#classification#tree#(Izenman#2009),#which#showed#B.(
sagittata#is#the#main#predictor#of#presence#for#P.(clodius#using#both#sampling#techniques.##
P.(clodius#was#often#found#with#greater#frequency#of#occurrence#of#B.(sagittata#(>#0.25)#
and#greater#percent#cover#of#B.(sagittata#(>#1%).##The#mean#decrease#in#accuracy#graphs#
created#using#random#forest#analyses#(Appendix#B,#Figure#B.8)#demonstrate#that#percent#
cover#of#graminoids#and#B.(sagittata(are#the#most#important#habitat#variables#according#
to#the#random#forest#classification.#
##
2013(Results(and(Discussion(
The#occupancy#modeling#analyses#provided#in#Chapter#2#using#a#portion#of#the#
habitat#covariates#collected#in#2013#show#that#A.(tridentata#and#Lupinus(species#were#
the#two#variables#negatively#associated#with#P.(clodius#occupancy.#Further#vegetation#
analyses#provided#in#this#appendix#show#the#same#results.##The#ordination#plot#of#the#
2013#frequency#of#occurrence#data#displays#a#visual#separation#in#sites#with#P.(clodius#
present#and#absent#(Appendix#B,#Figure#B.9).##Summary#data#included#in#the#histogram#
(Appendix#B,#Figure#B.10)#and#box#plot#(Appendix#B,#Figure#B.11)#show#that#A.(tridentata#
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and#Lupinus(species#stand#out#as#variables#with#differences#in#frequency#of#occurrence#
amounts.##Based#on#student’s#tAtests,#A.(tridentata#and#Lupinus(species#are#the#only#
variables#with#an#evidence#of#difference#(P#<#0.05)#and#in#fact,#both#show#strong#
evidence#(P#<#0.0001)#(Appendix#B,#Table#B.6).##The#more#detailed#analyses#of#CART#
(Appendix#B,#Figure#B.12)#and#random#forest#(Appendix#B,#Figure#B.13)#produced#
consistent#results#regarding#A.(tridentata#as#well.##CART#produced#a#stump,#singleAsplit#
classification#tree#(Izenman#2009),#showing#very#strongly#that#A.(tridentata#is#the#main#
predictor#negatively#associated#with#the#presence#of#P.(clodius.##If#A.(tridentata#was#
dominant#(≥#0.67#frequency#of#occurrence),#then#P.(clodius#was#absent#in#7/7#sites#and#if#
A.(tridentata#was#less#abundant((≤#0.67#frequency#of#occurrence),#then#P.(clodius#was#
present#in#32/34#sites.##The#mean#decrease#in#accuracy#graph#created#using#random#
forest#classification#(Appendix#B,#Figure#B.13)#supports#that#A.(tridentata#and#Lupinus(
species#are#the#most#important#habitat#variables.#
##
Conclusions#
The#vegetation#analyses#provided#in#this#appendix#show#consistent#results#for#the#
two#sampling#techniques#using#the#2012#data,#which#supports#the#decision#to#use#
frequency#of#occurrence#as#a#method#to#increase#sample#size#during#the#short#
Parnassius#butterfly#fight#season.##However,#results#were#not#consistent#between#years.##
B.(sagittata#was#positively#related#to#P.(clodius#occupancy#in#2012#and#A.(tridentata#was#
negatively#related#to#P.(clodius#occupancy#in#2013.###The#inconsistency#of#results#in#2012#
and#2013#could#be#the#result#in#differences#of#sample#size#between#the#two#years.##It#is#
also#important#to#consider#that#one#of#the#most#important#habitat#variables#for#P.(
clodius,#its#spring#ephemeral#host#plant,#D.(uniflora,#was#not#included#in#the#sampled#
vegetation#dataset#because#it#is#not#visible#during#the#summer#field#season.#It#would#be#
ideal#to#incorporate#data#on#the#locations#of#D.(uniflora#to#improve#upon#our#
understanding#of#these#models.##
The#original#hypothesis#stated#that#the#occupancy#of#P.(clodius(would#be#
positively#correlated#with#the#abundance#of#low#sagebrush#(Artemisia(arbuscula)#and#
 !
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their#preferred#nectar#source,#sulphur#flower#buckwheat#(Eriogonum(umbellatum).##
Although#A.(arbuscula(was#not#related#to#P.(clodius#occupancy#based#on#these#
vegetation#analyses,#the#findings#of#the#negative#correlation#of#A.(tridentata(found#may#
be#directly#related#to#the#relationship#of#A.(arbuscula#occupancy#in#the#Teton#region.##
Generally#when#there#is#high#A.(tridentata#abundance#in#montane#meadows,#the#thick#A.(
tridentata#cover#leaves#little#space#available#for#forbs#to#occupy#the#ground#(Szcodronski#
personal#obs.).##The#smaller#biomass#associated#with#A.(arbuscula#allows#for#a#greater#
variety#of#forbs#in#montane#meadows,#which#could#be#indirectly#affecting#P.(clodius#
occupancy#in#this#ecosystem.##B.(sagittata#was#not#listed#in#the#hypotheses#as#a#key#
variable,#however#it#is#a#main#nectar#source#of#P.(clodius#and#its#abundance#is#generally#
associated#with#the#type#of#habitat#that(P.(clodius#prefers.##So,#in#summary,#our#original#
hypothesis#was#not#fully#supported,#but#the#plant#species#that#showed#significant#
relationships#with#our#butterfly#species#of#interest#were#not#surprising#given#their#
dominant#role#as#constituents#of#these#montane#meadow#plant#communities.#
#
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2012(Vegetation(Tables(and(Figures(
(
Table#B.1.##UTM#(Universal#Transverse#Mercator)#coordinates#of#the#Grand#Teton#
National#Park#and#BridgerATeton#National#Forest,#WY#study#sites#(UTM#NAD#1983#Zone#
12N)#with#meadow#size#(ha)#and#elevation#(m)#provided#for#each#site.##Occupancy#data#
for#Parnassius(clodius#and#Parnassius(smintheus(are#included#for#each#study#site#
collected#mid#June#–#mid#July#2012#(PC#=#Parnassius(clodius#present,#PS#=#Parnassius(
smintheus#present,#PC#&#PS#=#Parnassius(clodius#and#Parnassius(smintheus#present,#
Absent#=#both#Parnassius#species#absent).##Sites#were#considered#occupied#if#at#least#one#
butterfly#was#verified#to#be#present#in#at#least#one#out#of#the#two#presenceAabsence#
butterfly#surveys#and#sites#were#considered#to#be#unoccupied#if#no#butterflies#were#
observed#during#the#survey(s).#
Site( GPS(Position(
Elevation(
(m)(
Meadow(((
Size((ha)(
Parnassius(
Occupancy(
AMK#Ranch# 528713#4865045# 2080# 3# PC#
AMK#Road# 529077#4864934# 2094# 4# PC#
Buffalo#Fork#East# 5493574855639# 2132# 20# PC#
Buffalo#Fork#West# 548294#4855225# 2134# 89# PC#
Cow#Lake#Bluffs# 535087#4851784## 2069# 80# PS#
Cow#Lake#Fork# 534231#4851642# 2091# 77# PS#
Cow#Lake#2# 532269#4851812# 2099# 261# PS#
Cygnet#Pond# 530146#4861081# 2086# 20# PC#
Elk#Ranch#2# 541592#4849795# 2095# 300# PS#
Grand#View#1# 535627#4861193# 2225# 1# PC#
Grand#View#2# 535609#4861415# 2285# 1# PC#
Grand#View#Parking# 535142#4860599# 2146# 9# PC#
Lozier#Hill#Meadow# 538775#4856609# 2091# 8# PC#
Lupine#Meadow# 521129#4843032# 2063# 92# PC#
Pilgrim#Creek# 533718#4862533# 2117# 65# PC#
Shadow#Mountain#Hairpin# 532852#4838189# 2411# 25# Absent#
Sound#of#Music# 533257#4839554# 2491# 25# Absent#
Surprise#Lake#Meadow# 520001#4841263# 2105# 6# PC#
Timbered#Island# 522115#4842890# 2062# 284# PC#
Two#Ocean#Lake#Road#1# 540926#4858405# 2107# 50# Absent#
(
(
(
(
(
(
(
(
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Table&B.2.&&List&of&vegetation&categories&used&in&the&2012&vegetation&analysesa.&&Indented&regular&font&items&include&vegetation&data&
collected&in&the&field&that&were&combined&into&the&13&numbered&items&in&bold&for&analyses&purposes.&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
1. bare'ground'
2. litter'
3. graminoids'
4. sulphur'flower'buckwheat'(Eriogonum)umbellatum'var.'dichrocephalum);'Buckwheat'family'(Polygonaceae)*'
5. sulphur'flower'buckwheat'(Eriogonum)umbellatum'var.'umbellatum);'Buckwheat'family'(Polygonaceae)*'
6. arrowEleaved'balsamroot)(Balsamorhiza)sagittata);'Aster'family'(Asteraceae)*'&
7. secondary'nectar'sources*'
− sticky&geranium!(Geranium!viscosissimum);&Geranium&family&(Geraniaceae)&
− nettleEleaved&giantEhyssop&(Agastache!urticifolia);!Mint&family&(Lamiaceae)&
− cinquefoil&(Potentilla&spp.);&Rose&family&(Rosaceae)&&
− purple&and&yellow&flowering&asters;&Aster&family&(Asteraceae)'
− groundsel&(Senecio&spp.);&Aster&family&(Asteraceae)&
− spreading&dogbane!(Apocynum!androsaemifolium);&Dogbane&family&(Apocynaceae)&&&&&
− buckbrush&ceanothus&(Ceanothus!velutinus);!Buckthorn&family&(Rhamnaceae)&
− common&snowberry!(Symphoricarpos!albus);!Honeysuckle&family&(Caprifoliaceae)&
− birchEleaved&spiraea&(Spiraea!betulifolia);&Rose&family&(Rosaceae)&
8. stonecrop)(Sedum'spp.);'Stonecrop'family'(Crassulaceae)'**'
9. Asteraceae'family'(nonEnectar'sources'for'Parnassius'species)'
− thistle!(Carduus&spp.);&Aster&family&(Asteraceae)&
− common&yarrow&(Achillea!millefolium);!Aster&family&(Asteraceae)&
− nodding&microseris!(Microseris!nutans);!Aster&family&(Asteraceae)!
− orange&agoseris&(Agoseris!aurantiaca);&Aster&family&(Asteraceae)!
− hawksbeard!(Crepis&spp.);&Aster&family&(Asteraceae)!
− goldenrod&(Solidago&spp.);&Aster&family&(Asteraceae)!
− pussytoes&(Antennaria!spp.);&Aster&family&(Asteraceae)'
10. miscellaneous'forbs'(nonEnectar'sources'for'Parnassius'species)'
− Lily&family&(Liliaceae)&
− lupine&(Lupinus&spp.);&Pea&family&(Fabaceae/Leguminosae)&&
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Table&B.2.&(continued)&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
*&indicates&nectar&source&of&Parnassius&butterflies&
**&indicates&host&plant&of&Parnassius!smintheus&
&
aVegetation&was&grouped&using&the&following&criteria:&&Species&that&were&predominant&nectar&sources&(E.!umbellatum,&B.!sagittata,!
and!Senecio&species)&were&listed&individually.&&Plants&utilized&less&frequently&as&nectar&sources&by&Parnassius&species&were&grouped&
− phacelia!(Phacelia&spp.);&Waterleaf&family&(Hydrophyllaceae)!
− ballhead&sandwort&(Arenaria!congesta);&Pink&family&(Caryophyllaceae)&
− Parsley/Carrot&family&(Apiaceae)&
− common!harebell!(Campanula!rotundifolia);!Campanula&family&(Campanulaceae)!&
− blue&flax&(Linum!lewisii);&Flax&family&(Linaceae)&
− paintbrush&(Castilleja&spp.);&Figwort&family&(Scrophulariaceae)&
− common&toadflax&(Linaria!vulgaris);&Figwort&family&(Scrophulariaceae)&
− wild&rose&(Rosa!woodsii);&Rose&family&(Rosaceae)&
− wild&strawberry&(Fragaria!virginiana);&Rose&family&(Rosaceae)&
− prairie&smoke&(Geum!triflorum);&Rose&family&(Rosaceae)&
− scarlet&gilia&(Ipomopsis!aggregata);&Phlox&Family&(Polemoniaceae)&
− larkspur!(Delphinium&spp.);&Buttercup&Family&(Ranunculaceae)&
− showyEgreen&gentian&(Frasera!speciosa);&Gentian&family&(Gentianaceae)&
− common&peppergrass&(Lepidium!densiflorum);&Mustard&family&(Brassicaceae)&
− northern&bedstraw&(Galium!boreale);&Madder&family&(Rubiaceae)&
11. low'sagebrush)(Artemisia)arbuscula);'Aster'family'(Asteraceae)'
12. big'sagebrush)(Artemisia)tridentata);)Aster'family'(Asteraceae)'
13. miscellaneous'woody'shrubs'(nonEnectar'sources'for'Parnassius'species)'
− western&serviceberry&(Amelanchier!alnifolia);&Rose&family&(Rosaceae)&
− choke&cherry&(Prunus!virginiana);&Rose&family&(Rosaceae)&
− creeping&Oregon&grape&(Mahonia!repens);&Barberry&family&(Berberidaceae)&
− willow&(Salix&spp.);&Willow&family&(Salicaceae)&
− shrubby&cinquefoil&(Pentaphylloides!floribunda);&Rose&family&(Rosaceae)&
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Table&B.2.&(continued)&
&
into&one&variable&titled&secondary&nectar&sources&that&include&secondary&forb&nectar&sources&and&secondary&woody&shrub&nectar&
sources.&&Sedum&species,&the&host&plant&of&Parnassius!smintheus,&was&listed&individually.&&Remaining&floral&resources&that&were&not&
considered&nectaring&sources&for&Parnassius&butterfly&were&categorized&into&Asteraceae&family&(nonEnectar&sources&for&Parnassius&
species),&miscellaneous&forbs&(nonEnectar&sources&for&Parnassius&species),&and&miscellaneous&woody&shrubs&(nonEnectar&sources&for&
Parnassius&species).&&Bare&ground,&litter,&graminoids,&Lupinus&species,&and&sagebrush&species&Artemisia!arbuscula!and&Artemisia!
tridentata&are&considered&major&habitat&variables&and&were&grouped&separately.&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
52&
 !
53#
!
#
Figure#B.1.##Correlation#plot#comparing#percent#cover#(%)#and#frequency#of#occurrence#
vegetation#sampling#techniques#for#habitat#variables#collected#in#study#sites#in#Grand#
Teton#National#Park#and#BridgerFTeton#National#Forest,#WY#in#2012.##Note:#the#max#
values#of#the#xFaxis#and#yFaxis#vary#depending#on#each#plot.#
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A)#
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#
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#
Figure#B.2.##Histograms#comparing#the#vegetation#sampling#techniques#percent#cover#
(%)#(A)#and#frequency#of#occurrence#(B)#averaged#across#study#sites#where#Parnassius!
clodius#is#present#(n#=#13)#and#sites#where#Parnassius!clodius!is#absent#(n#=#7)#in#Grand#
Teton#National#Park#and#BridgerFTeton#National#Forest,#WY#during#the#summer#of#2012.##
Bars#indicate#standard#error#of#each#vegetation#category.##
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Figure#B.3.##Box#plots#displaying#the#percent#cover#(%)#of#vegetation#categories#averaged#
across#study#sites#where#Parnassius!clodius#is#present#(n#=#13)#and#sites#where#
Parnassius!clodius!is#absent#(n#=#7)#in#Grand#Teton#National#Park#and#BridgerFTeton#
National#Forest,#WY#during#the#summer#of#2012.##The#box#represents#the#middle#50%#of#
the#data#and#the#bold#line#indicates#the#median.##Whiskers#display#the#largest#and#
smallest#values#that#are#no#more#than#1.5#boxFlengths#from#the#box#and#the#dots#
indicate#extreme#points#(values##>#1.5#boxFlengths#from#the#box).#
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Figure#B.4.##Box#plots#displaying#the#frequency#of#occurrence#of#vegetation#categories#
averaged#across#study#sites#where#Parnassius!clodius#is#present#(n#=#13)#and#sites#where#
Parnassius!clodius!is#absent#(n#=#7)#in#Grand#Teton#National#Park#and#BridgerFTeton#
National#Forest,#WY#during#the#summer#of#2012.##The#box#represents#the#middle#50%#of#
the#data#and#the#bold#line#indicates#the#median.##Whiskers#display#the#largest#and#
smallest#values#that#are#no#more#than#1.5#boxFlengths#from#the#box#and#the#dots#
indicate#extreme#points#(values##>#1.5#boxFlengths#from#the#box).##
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Figure#B.5.##Ordination#plots#showing#the#results#of#nonmetric#multidimensional#scaling#
analysis#(NMDS)#using#a#BrayFCurtis#distance#matrix#of#frequency#of#occurrence#(left)#
and#percent#cover#(%)#(right)#sampling#techniques#collected#in#study#sites#in#Grand#Teton#
National#Park#and#BridgerFTeton#National#Forest,#WY#during#the#2012#field#season.##Each#
point#represents#a#meadow#site#and#lines#connect#each#point#for#habitat#classifications#
of#Parnassius!clodius#presence#(n#=#13)#and#Parnassius!clodius!absence#(n#=#7)#to#the#
centroid#of#those#points.##(stress#=#0.0727,#3#dimensions#for#frequency#occurrence#and#
stress#=#0.0949,#3#dimensions#for#percent#cover).#
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Table&B.3.&&Summary&statistics&comparing&habitat&variables&surveyed&using&percent&cover&(%)&sampling&techniques&for&sites&with&
Parnassius(clodius(present&(n&=&13)&versus&sites&with&Parnassius(clodius&absent&(n&=&7).&&Vegetation&surveys&were&collected&in&Grand&
Teton&National&Park&and&BridgerHTeton&National&Forest,&WY&during&the&summer&of&2012.&&Reported&are&mean&values,&standard&
error&(SE),&95%&lower&confidence&intervals&(95%&CI&lower&limit),&95%&upper&confidence&intervals&(95%&CI&upper&limit),&and&pHvalues&
testing&evidence&of&a&difference&for&each&vegetation&category.&&Significant&PHvalues&received&from&a&students&tHtest&(P&<&0.05)&are&
indicated&in&bold&font.&
!
!
!
!
&
! Sites!with!Parnassius(clodius(absent! ! Sites!with!Parnassius(clodius!present! ! !
Variable! Mean! SE!
95%!CI!
Lower!
Limit!
95%!CI!
Upper!
Limit!
!
Mean! SE!
95%!CI!
Lower!
Limit!
95%!CI!
Upper!
Limit!
!
P<value!
bare&ground& 19.7821& 5.7899& 7.618& 31.9463&
&
33.6019& 4.2486& 24.6759& 42.528& & 0.0703&
litter& 35.7714& 4.5578& 26.1958& 45.3471&
&
26.6385& 3.3445& 19.6119& 33.6651& & 0.1236&
graminoids& 13.9071& 3.5081& 6.537& 21.2773&
&
6.6288& 2.5742& 1.2206& 12.0371& & 0.1117&
miscellaneous&forbs& 6.9393& 1.7253& 3.3145& 10.5641&
&
2.0327& 1.266& H0.6272& 4.6926& & 0.0341!
miscellaneous&woody&shrubs& 1.0286& 2.1368& H3.4606& 5.5178&
&
4.1538& 1.568& 0.8597& 7.448& & 0.2537&
Asteraceae&family& 4.3321& 1.372& 1.4496& 7.2147&
&
2.3288& 1.0068& 0.2136& 4.444& & 0.2545&
E.&umbellatum&v.&dichrocephalum& 5.475& 2.0562& 1.155& 9.795&
&
6.8365& 1.5089& 3.6665& 10.0065& & 0.6&
E.(umbellatum(v.(umbellatum( 0.1357& 0.2507& H0.3909& 0.6623&
&
0.5769& 0.1839& 0.1905& 0.9634& & 0.173&
B.&sagittata& 0.0964& 1.8214& H3.7302& 3.923&
&
5.9173& 1.3365& 3.1094& 8.7252& & 0.019!
A(.tridentata( 8.0643& 3.9951& H0.3291& 16.4577&
&
6.3269& 2.9316& 0.1679& 12.486& & 0.73&
A.(arbuscula( 0.6679& 3.2345& H6.1275& 7.4632&
&
5.4712& 2.3734& 0.4847& 10.4576& & 0.2467&
Sedum&spp.& 0.2214& 0.1201& H0.0309& 0.4738&
&
0.1192& 0.0881& H0.066& 0.3044& & 0.5015&
secondary&nectar&sources& 4.4214& 1.9565& 0.3109& 8.532&
&
1.7981& 1.4357& H1.2182& 4.8144& & 0.294&
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Table&B.4.&&Summary&statistics&comparing&habitat&variables&surveyed&using&frequency&of&occurrence&sampling&techniques&for&sites&
with&Parnassius(clodius(present&(n&=&13)&versus&sites&with&Parnassius(clodius&absent&(n&=&7).&&Vegetation&surveys&were&collected&in&
Grand&Teton&National&Park&and&BridgerHTeton&National&Forest,&WY&during&the&summer&of&2012.&&Reported&are&mean&values,&
standard&error&(SE),&95%&lower&confidence&intervals&(95%&CI&lower&limit),&95%&upper&confidence&intervals&(95%&CI&upper&limit),&and&
PHvalues&testing&evidence&of&a&difference&for&each&vegetation&category.&&Significant&PHvalues&received&from&a&students&tHtest&(P&<&
0.05)&are&indicated&in&bold&font.&
! Sites!with!Parnassius(clodius(absent! ! Sites!with!Parnassius(clodius!present! ! !
Variable! Mean! SE!
95%!CI!
Lower!
Limit!
95%!CI!
Upper!
Limit!
!
Mean! SE!
95%!CI!
Lower!
Limit!
95%!CI!
Upper!
Limit!
!
P<value!
bare&ground& 1& 0.0043& 0.991& 1.009&
&
0.9962& 0.0031& 0.9896& 1.0028& & 0.478&
litter& 1& 0& 1& 1&
&
1& 0& 1& 1& & 0.478&
graminoids& 1& 0.0185& 0.9612& 1.0388&
&
0.9731& 0.0136& 0.9446& 1.0016& & 0.2557&
miscellaneous&forbs& 0.9929& 0.0534& 0.8806& 1.1051&
&
0.8962& 0.0392& 0.8138& 0.9785& & 0.1616&
miscellaneous&woody&shrubs& 0.0429& 0.107& H0.182& 0.2677&
&
0.3115& 0.0785& 0.1466& 0.4765& & 0.058&
Asteraceae&family& 0.6643& 0.1296& 0.392& 0.9366&
&
0.4269& 0.0951& 0.2271& 0.6267& & 0.1571&
E.(umbellatum(v.(dichrocephalum( 0.5429& 0.0919& 0.3497& 0.736&
&
0.5808& 0.0675& 0.439& 0.7225& & 0.7434&
E.(umbellatum(v.(umbellatum( 0.0286& 0.0456& H0.0673& 0.1244&
&
0.1231& 0.0335& 0.0527& 0.1934& & 0.1123&
B.(sagittata( 0.05& 0.0899& H0.139& 0.239&
&
0.3077& 0.066& 0.169& 0.4463& & 0.033!
A(.tridentata( 0.3571& 0.1185& 0.1082& 0.6061&
&
0.2346& 0.0869& 0.0519& 0.4173& & 0.4154&
A.(arbuscula( 0.0786& 0.1343& H0.2035& 0.3606&
&
0.2154& 0.0985& 0.0084& 0.4224& & 0.4221&
Sedum&spp.& 0.1929& 0.1078& H0.0337& 0.4194&
&
0.1231& 0.0791& H0.0432& 0.2893& & 0.6082&
secondary&nectar&sources& 0.35& 0.1188& 0.1005& 0.5995&
&
0.1808& 0.0872& H0.0023& 0.3639& & 0.2657&
!
!
!
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Figure#B.6.##Classification#tree#for#predicting#the#occupancy#of#Parnassius!clodius#using#
vegetation#data#collected#using#percent#cover#(%)#vegetation#sampling#techniques#in#
study#sites#in#Grand#Teton#National#Park#and#BridgerDTeton#National#Forest,#WY#(n#=#20)#
in#2012.#The#splitting#variable#that#best#separates#the#data#into#two#homogeneous#
groups#of#observation#based#on#the#presence#or#absence#of#Parnassius!clodius#is#
displayed#at#the#top#of#the#branch#and#the#number#of#sites#with#Parnassius!clodius#
absent#and#present#is#included#within#the#terminal#nodes.##The#figure#indicates#that#if#
Balsamorhiza!sagittata#is#<#1#percent#cover,#then#Parnassius!clodius#is#absent#in#7/11#
sites#and#if#Balsamorhiza!sagittata!is#>#1#percent#cover,#then#Parnassius!clodius#is#
present#in#7/7#sites.######
#
!
!
!
Figure#B.7.##Classification#tree#for#predicting#the#occupancy#of#Parnassius!clodius#using#
vegetation#data#collected#using#frequency#of#occurrence#vegetation#sampling#techniques#
in#study#sites#in#Grand#Teton#National#Park#and#BridgerDTeton#National#Forest,#WY#(n#=#
20)#in#2012.#The#splitting#variable#that#best#separates#the#data#into#two#homogeneous#
groups#of#observation#based#on#the#presence#or#absence#of#Parnassius!clodius#is#
displayed#at#the#top#of#the#branch#and#the#number#of#sites#with#Parnassius!clodius#
absent#and#present#is#included#within#the#terminal#nodes.##The#figure#indicates#that#if#
Balsamorhiza!sagittata#is#<#0.25#frequency#of#occurrence,#then#Parnassius!clodius#is#
absent#in#7/13#sites#and#if#Balsamorhiza!sagittata!is#>#0.25#frequency#of#occurrence,#
then#Parnassius!clodius#is#present#in#7/7#sites.#####
B. sagittata < 1%
Absent
7 / 11
Present
9 / 9
yes no
B. sagittata < 0.25
Absent
7 / 13
Present
7 / 7
yes no
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Figure#B.8.##Variable#importance#plots#created#from#random#forest#analyses#used#to#
predict#the#important#covariates#in#the#presence#of#Parnassius!clodius#using#percent#
cover#(left)#and#frequency#of#occurrence#(right)#vegetation#sampling#techniques.##
Surveys#were#collected#in#study#sites#in#Grand#Teton#National#Park#and#BridgerDTeton#
National#Forest,#WY#(n=20)#in#2012.##Higher#values#of#mean#decrease#in#accuracy#
indicate#the#habitat#variables#that#are#more#important#to#the#random#forest#
classification.#
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2013%Vegetation%Tables%and%Figures%%
%
Table&B.5.&&List&of&vegetation&categories&used&in&the&2013&vegetation&analysesa.&&Indented&regular&font&items&include&vegetation&data&
collected&in&the&field&that&were&combined&into&the&15&numbered&items&in&bold&for&analyses&purposes.&
1. bare%ground%
2. litter%
3. graminoids%
4. Buckwheat%family%(Polygonaceae)*%
− sulphur&flower&buckwheat&(Eriogonum)umbellatum&var.&dichrocephalum);&Buckwheat&family&(Polygonaceae)%
− sulphur&flower&buckwheat&(Eriogonum)umbellatum&var.&umbellatum);&Buckwheat&family&(Polygonaceae)%
5. arrowEleaved%balsamroot!(Balsamorhiza!sagittata);%Aster%family%(Asteraceae)*%&
6. groundsel!(Senecio%spp.);%Aster%family%(Asteraceae)*%
7. secondary%forb%nectar%sources*%
− sticky&geranium)(Geranium)viscosissimum);&Geranium&family&(Geraniaceae)&
− nettleGleaved&giantGhyssop&(Agastache)urticifolia);)Mint&family&(Lamiaceae)&
− cinquefoil&(Potentilla&spp.);&Rose&family&(Rosaceae)&&
− purple&and&yellow&flowering&asters;&Aster&family&(Asteraceae)%
8. secondary%woody%shrub%nectar%sources*%
− spreading&dogbane)(Apocynum)androsaemifolium);&Dogbane&family&(Apocynaceae)&&&&&
− buckbrush&ceanothus&(Ceanothus)velutinus);)Buckthorn&family&(Rhamnaceae)&
− common&snowberry)(Symphoricarpos)albus);)Honeysuckle&family&(Caprifoliaceae)&
− birchGleaved&spiraea&(Spiraea)betulifolia);&Rose&family&(Rosaceae)%
9. stonecrop!(Sedum%spp.);%Stonecrop%family%(Crassulaceae)%**%
10. lupine%(Lupinus%spp.);%Pea%family%(Fabaceae/Leguminosae)!
11. Asteraceae%family%(nonEnectar%sources%for%Parnassius%species)%
− thistle)(Carduus&spp.);&Aster&family&(Asteraceae)&
− common&yarrow&(Achillea)millefolium);)Aster&family&(Asteraceae)&
− nodding&microseris)(Microseris)nutans);)Aster&family&(Asteraceae))
− orange&agoseris&(Agoseris)aurantiaca);&Aster&family&(Asteraceae))
62&
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Table&B.5.&(continued)&&
− hawksbeard&(Crepis&spp.);&Aster&family&(Asteraceae))
− goldenrod&(Solidago&spp.);&Aster&family&(Asteraceae))
− pussytoes&(Antennaria)spp.);&Aster&family&(Asteraceae)%
12. miscellaneous%forbs%(nonEnectar%sources%for%Parnassius%species)%
− Lily&family&(Liliaceae)&&
− phacelia)(Phacelia&spp.);&Waterleaf&family&(Hydrophyllaceae))
− ballhead&sandwort&(Arenaria)congesta);&Pink&family&(Caryophyllaceae)&
− Parsley/Carrot&family&(Apiaceae)&
− common)harebell)(Campanula)rotundifolia);)Campanula&family&(Campanulaceae))&
− blue&flax&(Linum)lewisii);&Flax&family&(Linaceae)&
− paintbrush&(Castilleja&spp.);&Figwort&family&(Scrophylariaceae)&
− common&toadflax&(Linaria)vulgaris);&Figwort&family&(Scrophylariaceae)&
− wild&rose&(Rosa)woodsii);&Rose&family&(Rosaceae)&
− wild&strawberry&(Fragaria)virginiana);&Rose&family&(Rosaceae)&
− prairie&smoke&(Geum)triflorum);&Rose&family&(Rosaceae)&
− scarlet&gilia&(Ipomopsis)aggregata);&Phlox&Family&(Polemoniaceae)&
− larkspur)(Delphinium&spp.);&Buttercup&Family&(Ranunculaceae)&
− showyGgreen&gentian&(Frasera)speciosa);&Gentian&family&(Gentianaceae)&
− common&peppergrass&(Lepidium)densiflorum);&Mustard&family&(Brassicaceae)&
− northern&bedstraw&(Galium)boreale);&Madder&family&(Rubiaceae)&
13. low%sagebrush!(Artemisia!arbuscula);%Aster%family%(Asteraceae)%%
14. big%sagebrush!(Artemisia!tridentata);!Aster%family%(Asteraceae)%
15. miscellaneous%woody%shrubs%(nonEnectar%sources%for%Parnassius%species)%
− western&serviceberry&(Amelanchier)alnifolia);&Rose&family&(Rosaceae)&
− choke&cherry&(Prunus)virginiana);&Rose&family&(Rosaceae)&
− creeping&Oregon&grape&(Mahonia)repens);&Barberry&family&(Berberidaceae)&
− willow&(Salix&spp.);&Willow&family&(Salicaceae)&
− shrubby&cinquefoil&(Pentaphylloides)floribunda);&Rose&family&(Rosaceae)%
&
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Table&B.5&(continued)&
&
*&indicates&nectar&source&of&Parnassius&butterflies&
**&indicates&host&plant&of&Parnassius)smintheus&
%
aVegetation&was&grouped&using&the&following&criteria:&&Species&that&were&predominant&nectar&sources&(the&Polygonaceae&family&that&
include&E.)umbellatum)var.)dichrocephalum&and&Eriogonum)umbellatum&var.&umbellatum,&B.)sagittata,)and)Senecio&species)&were&
listed&individually.&&Plants&utilized&less&frequently&as&nectar&sources&by&Parnassius&species&were&grouped&into&two&variables&titled&
secondary&forb&nectar&sources&and&secondary&woody&shrubs&nectar&sources.&&Sedum&species,&the&host&plant&of&Parnassius)smintheus,&
was&listed&individually.&&Remaining&floral&resources&that&were&not&considered&nectaring&sources&for&Parnassius&butterfly&were&
categorized&into&Asteraceae&family&(nonGnectar&sources&for&Parnassius&species),&miscellaneous&forbs&(nonGnectar&sources&for&
Parnassius&species),&and&miscellaneous&woody&shrubs&(nonGnectar&sources&for&Parnassius&species).&&Bare&ground,&litter,&graminoids,&
Lupinus&species,&and&sagebrush&species&Artemisia)arbuscula)and&Artemisia)tridentata&are&considered&major&habitat&variables&and&
were&therefore&grouped&separately.&
&
&
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#
Figure#B.9.##Ordination#plots#showing#the#results#of#nonmetric#multidimensional#scaling#
analysis#(NMDS)#using#a#BrayBCurtis#distance#matrix#of#frequency#of#occurrence#
vegetation#sampling#techniques#collected#in#study#sites#in#Grand#Teton#National#Park#
and#BridgerBTeton#National#Forest,#WY#during#the#2013#field#season.##Each#point#
represents#a#meadow#site#and#lines#connect#each#point#for#habitat#classifications#of#
Parnassius!clodius#presence#(n#=#32)#and#Parnassius!clodius!absence#(n#=#9)#to#the#
centroid#of#those#points.##(stress#=#0.1309,#3#dimensions)#
!
!
!
!
!
!
!
!
!
!
!
 !
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Figure#B.10.##Histogram#of#frequency#of#occurrence#averaged#across#study#sites#where#
Parnassius!clodius#is#present#(n#=#32)#and#sites#where#Parnassius!clodius!is#absent#(n#=#9)#
in#Grand#Teton#National#Park#and#BridgerBTeton#National#Forest,#WY#during#the#summer#
of#2013.##Bars#indicate#standard#error#of#each#vegetation#category.#
#
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#
Figure#B.11.##Box#plots#displaying#the#frequency#of#occurrence#of#vegetation#categories#
averaged#across#study#sites#where#Parnassius!clodius#is#present#(n#=#32)#and#sites#where#
Parnassius!clodius!is#absent#(n#=#9)#in#Grand#Teton#National#Park#and#BridgerBTeton#
National#Forest,#WY#during#the#summer#of#2013.##The#box#represents#the#middle#50%#of#
the#data#and#the#bold#line#indicates#the#median.##Whiskers#display#the#largest#and#
smallest#values#that#are#no#more#than#1.5#boxBlengths#from#the#box#and#the#dots#
indicate#extreme#points#(values##>#1.5#boxBlengths#from#the#box).##
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Table&B.6.&&Summary&statistics&comparing&habitat&variables&surveyed&using&frequency&of&occurrence&sampling&techniques&for&sites&
with&Parnassius(clodius(present&(n&=&32)&versus&sites&with&Parnassius(clodius&absent&(n&=&9).&&Vegetation&surveys&were&collected&in&
Grand&Teton&National&Park&and&BridgerHTeton&National&Forest,&WY&during&the&summer&of&2013.&&Reported&are&mean&values,&standard&
error&(SE),&95%&lower&confidence&intervals&(95%&CI&lower&limit),&95%&upper&confidence&intervals&(95%&CI&upper&limit),&and&PHvalues&
testing&evidence&of&a&difference&for&each&vegetation&category.&&Significant&PHvalues&received&from&a&students&tHtest&(P&<&0.05)&are&
indicated&in&bold&font.&&
! Sites!with!Parnassius(clodius(absent! ! Sites!with!Parnassius(clodius!present! ! !
Variable! Mean! SE!
95%!CI!
Lower!
Limit!
95%!CI!
Upper!
Limit!
!
Mean! SE!
95%!CI!
Lower!
Limit!
95%!CI!
Upper!
Limit!
!
P<value!
bare&ground& 1& 0.0112& 0.9773& 1.0227&
&
0.9854& 0.006& 0.9734& 0.9975& & 0.2585&
litter& 1& 0.0245& 0.9505& 1.0495&
&
0.975& 0.013& 0.9488& 1.0012& & 0.3721&
graminoids& 0.9852& 0.032& 0.9205& 1.0498&
&
0.9451& 0.017& 0.9108& 0.9793& & 0.2742&
miscellaneous&forbs& 0.9694& 0.0339& 0.9008& 1.0381&
&
0.9487& 0.018& 0.9123& 0.9851& & 0.5922&
miscellaneous&woody&shrubs& 0.162& 0.1031& H0.0464& 0.3705&
&
0.2523& 0.0547& 0.1418& 0.3629& & 0.4435&
A.(arbuscula( 0.0963& 0.1232& H0.1529& 0.3455&
&
0.2823& 0.0653& 0.1501& 0.4144& & 0.19&
A(.tridentata( 0.7546& 0.0578& 0.6376& 0.8716&
&
0.0966& 0.0307& 0.0346& 0.1587& & <0.0001!
E.(umbellatum( 0.7417& 0.0791& 0.5817& 0.9016&
&
0.6138& 0.0419& 0.529& 0.6986& & 0.1611&
B.(sagittata( 0.1787& 0.0888& H9.00EH04& 0.3584&
&
0.2591& 0.0471& 0.1638& 0.3544& & 0.4286&
Asteraceae&family& 0.487& 0.0991& 0.2867& 0.6874&
&
0.4651& 0.0525& 0.3588& 0.5714& & 0.8459&
Sedum&spp.& 0.1046& 0.0585& H0.0136& 0.2229&
&
0.0745& 0.031& 0.0118& 0.1372& & 0.6512&
Senecio&spp.& 0.1& 0.0388& 0.0216& 0.1784&
&
0.0594& 0.0206& 0.0178& 0.101& & 0.3602&
secondary&forb&nectar&sources& 0.2481& 0.1082& 0.0292& 0.4671&
&
0.3427& 0.0574& 0.2266& 0.4588& & 0.4448&
secondary&shrub&nectar&sources& 0.0278& 0.0548& H0.0832& 0.1387&
&
0.118& 0.0291& 0.0591& 0.1768& & 0.1543&
&
&
&
&
&
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#
Figure#B.12.##Classification#tree#for#predicting#the#occupancy#of#Parnassius(clodius#using#
vegetation#data#collected#using#frequency#of#occurrence#vegetation#sampling#techniques#
in#study#sites#in#Grand#Teton#National#Park#and#BridgerCTeton#National#Forest,#WY#(n#=#
41)#in#2013.#The#splitting#variable#that#best#separates#the#data#into#two#homogeneous#
groups#of#observation#based#on#the#presence#or#absence#of#Parnassius(clodius#is#
displayed#at#the#top#of#the#branch#and#the#number#of#sites#with#Parnassius(clodius#
absent#and#present#is#included#within#the#terminal#nodes.##The#figure#indicates#that#if#
Artemisia(tridentata#is#≥#0.67#frequency#of#occurrence,#then#Parnassius(clodius#is#absent#
in#7/7#sites#and#if#Artemisia(tridentata#is#≤#0.67#frequency#of#occurrence,#then#
Parnassius(clodius#is#present#in#32/34#sites.#
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#
Figure#B.13.##Variable#importance#plots#created#from#random#forest#used#to#predict#the#
important#covariates#in#the#presence#of#Parnassius(clodius#using#frequency#of#
occurrence#vegetation#sampling#techniques.##Surveys#were#collected#in#study#sites#in#
Grand#Teton#National#Park#and#BridgerCTeton#National#Forest,#WY#(n=41)#in#2013.##
Higher#values#of#mean#decrease#in#accuracy#indicate#the#habitat#variables#that#are#more#
important#to#the#random#forest#classification.#
#
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CHAPTER!3:!!GENERAL!CONCLUSIONS!
!
As#a#result#of#the#research#provided#in#Chapter#2,#we#now#know#where#
populations#of#the#montane#meadow#butterflies#Parnassius(clodius#and#Parnassius(
smintheus#exist#in#Grand#Teton#National#Park#and#surrounding#territory#of#BridgerCTeton#
National#Forest,#WY.##The#location#of#Parnassius#populations#in#the#Teton#region#can#be#
used#to#contribute#in#future#studies#on#metapopulation#dynamics.##More#intensive#
metapopulation#studies#need#to#be#conducted#to#confirm#whether#the#more#common#
Parnassius#butterfly#in#the#Teton#region,#P.(clodius,(should#be#considered#a#sourceCsink#
metapopulation.##Additionally,#it#will#be#beneficial#to#understand#whether#Parnassius#
butterflies#are#capable#of#moving#through#forest.##With#the#prediction#of#rising#tree#line#
in#the#Rocky#Mountains#associated#with#climate#change#(Walther#et#al.#2002),#butterfly#
populations#could#potentially#become#more#isolated.##If#P.(clodius#is#classified#as#a#
sourceCsink#metapopulation,#populations#could#be#under#increasing#extinction#threat#if#
source#populations#are#unable#to#cross#large#spans#of#forest#to#replenish#sink#
populations.#
Research#presented#in#Appendix#B#further#identified#habitat#variables#that#are#
associated#with#P.(clodius#and#P.(smintheus#occupancy.#The#occupancy#of#P.(clodius#had#
a#strong#negative#correlation#with#the#presence#of#A.(tridentata,#whereas#the#occupancy#
of(P.(smintheus#had#a#positive#correlation#with#A.(tridentata.##Warming#conditions#are#
likely#to#cause#an(increase#of#A.(tridentata#(Whitlock#and#Bartlein#1993;#Harte#and#Shaw#
1995;#Perfors#et#al.#2003)#in#montane#meadows#of#the#western#United#States,#which#
could#affect#the#future#viability#of#Parnassius#populations.##The#comparison#of#percent#
cover#and#frequency#of#occurrence#vegetation#sampling#techniques#is#provided#
(Appendix#B),#which#can#be#used#as#a#reference#for#selecting#a#vegetation#sampling#
method.##Vegetation#analyses#included#in#Appendix#B#consistently#provided#evidence#
that#the#two#sampling#techniques#produce#similar#findings#with#respect#to#P.(clodius#
occupancy.##These#findings#indicate#that#frequency#of#occurrence#could#be#considered#a#
suitable#vegetation#sampling#technique#when#used#in#this#type#of#study.##Frequency#of#
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occurrence#sampling#methods,#which#take#less#time#than#percent#cover#sampling#
methods,#are#especially#useful#for#butterfly#studies#that#have#a#limited#time#frame#due#
to#short#butterfly#flight#seasons.#
Predictive#modeling#is#a#fundamental#tool#necessary#to#determine#the#current#
and#potential#distribution#of#rare#species#and#it#also#assists#in#defining#suitable#habitats#
(MateoCTomás#and#Olea#2010).##Before#we#can#build#these#predictive#models#to#
estimate#the#effects#that#climate#change#will#have#on#future#population#distribution#and#
abundance#patterns,#it#is#necessary#to#first#determine#the#current#distribution#of#the#
species#of#concern#such#as#the#data#provided#in#this#research.##The#location#of#Parnassius#
populations#documented#in#Chapter#2#and#vegetation#analyses#provided#in#Appendix#B#
can#be#useful#in#predictive#modeling#of#species#distribution#patterns.##Understanding#the#
habitat#limits#of#these#wellCstudied#populations#will#be#useful#for#managers#and#
scientists#within#Grand#Teton#National#Park,#as#well#as#assisting#conservation#efforts#for#
other#Parnassius#species#that#are#threatened#or#endangered#worldwide#due#to#severe#
habitat#loss#and#climate#change.#
#
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